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METABOLISM OF d-MANNOHEPTULOSE. EXCRETION 
OF THE SUGAR AFTER EATING AVOCADO 


By N. R. BLATHERWICK, HARDY W. LARSON, anp 
SUSAN D. SAWYER 


(From the Biochemical Laboratory of the Metropolitan Life Insurance 
Company, New York) 


(Received for publication, January 20, 1940) 


Roe and Hudson (1) administered d-mannoheptulose' to rabbits 
and concluded from their experiments that this sugar is available 
to this animal. The same authors (2) later concluded that the 
rat and the dog were unable to utilize the sugar. Unpublished 
experiments performed in this laboratory gave no evidence of 
glycogen formation when mannoheptulose was given by stomach 
tube to rats. In view of the fact that this sugar occurs free in the 
avocado, and as this fruit is becoming more popular, it seemed im- 
portant to study the metabolism of mannoheptulose in man. 
Consequently, we have observed the excretion of fermentable and 
non-fermentable sugars after the ingestion of avocado or solutions 
of mannoheptulose.? 


Methods 


The subjects for the experiments were normal men and women 
employed in the laboratory. The experiments began at 9.30 a.m., 
when the fruit or sugar was ingested. Following this, 2 hour 
specimens of urine were collected up to the end of the 6th hour. 
An untimed preliminary specimen was included to show that 
abnormal quantities of sugar were not present. In the first two 
series of experiments breakfast was allowed and the usual midday 
meal came within the 2 to 4 hour period. In the last series of 


‘This sugar will be referred to simply as mannoheptulose throughout 
the paper. 

? We are indebted to Dr. Carl L. Alsberg for calling our attention to the 
possibility that sugar might appear in the urine after avocado was eaten. 
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experiments the subjects had breakfast but did not have the mid. 
day meal, and the preliminary urine specimen was timed. 

Approximate determination of the urine sugar concentration 
was made by Benedict and Osterberg’s picrate method (3) and 
then appropriate dilutions were made for the determination by 
the method of Shaffer and Somogyi (4). Interfering substances 
were removed before this determination by shaking the diluted 
urine with Lloyd’s reagent and permutit. The non-fermentable 
sugar values were obtained by fermentation with washed yeast 
(5). In several cases, mannoheptulose was determined by a 
modification of Roe’s fructose method (6). This method* was 
carried out as follows: 2 cc. of urine were diluted 1:10 with 1 per 
cent acetic acid, treated with 0.2 gm. of acid-washed norit for 5 
minutes, and filtered. To 2 cc. of this filtrate were added 4 ce, 
of a 0.1 per cent alcoholic resorcinol solution and 5 ce. of con- 
centrated HCl solution containing about 1 per cent SnCls. The 
mixture was heated in a water bath at a temperature of 80° and 
then read in a colorimeter against a 0.02 or 0.03 per cent man- 
noheptulose standard treated in the same way. The color pro- 
duced in the Seliwanoff reaction by mannoheptulose is much less 
than that given by fructose. 

Mannoheptulose was isolated from the Trapp variety of avo- 
cado by the methods of La Forge (7) and Montgomery and Hud- 
son (8). 


EXPERIMENTAL 


The Trapp variety of avocado was eaten by ten subjects in 
quantities ranging from 137 to 214 gm. Avocados are reported 
to contain from 3 to 7 per cent carbohydrate, but we do not have 
any values for their mannoheptulose content. The results of 
the experiments are given in Table I. It is seen that in every 
ease there was a marked increase in the excretion of non-fer- 
mentable sugar which generally reached the maximum value in 
the 2 to 4 hour period. There were at least seven instances in 
which the concentration of non-fermentable sugar was enough 
to give a marked reduction with Benedict’s qualitative copper 
reagent. The highest concentration obtained was 0.32 per cent 


3 We are greatly indebted to Dr. Joseph H. Roe for allowing us to use his 
unpublished method for mannoheptulose determination. 


id 
A 
‘ 
| 
| 
| 
4 
Ra 
} 


Subject 


L. MeC. 


8. 8. 


M. C. E. 


L. 8, 


J. T. 


Avocado 
eaten 


gm. 


138 


214 


152 


137 


136 


167 


197 


153 


Before 
0-2 after 
2-4 
4-6 “ce 
Before 
0-2 after 
2-4 
4-6 
Before 
0-2 after 
2-4 
4-6 
Before 
0-2 after 
2-4 “ce 
4-6 
Before 
0-2 after 
2-4 
4-6 sé 
Before 
0-2 after 
2-4 “ce 
4-6 
Before 
0-2 after 
2-4 
4-6 
Before 
0-2 after 
2-4 oe 
4-6 “ce 
Before 
0-2 after 
2 4 ae 
4- 6 
Before 
0-2 after 
2-4 
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Excretion of Urine Sugar after Ingestion of Avocado 


Urine 
volume 


| | Non-fermentable | 
Total Non-fermentable | 


able 
sugar 


me. 
13 
16 


80 
16 


ferment- 


Blatherwick, Larson, and Sawyer 


sugar 
Total 
mg. mg. 
20 33 
93 | 129 
44 127 
23] 9 
64 | 
278 | 186 
121 | 125 
6 | 28 
35 | 95 
76 | 182 
51 166 
52 | 61 
61 | 127 
211 169 
165 | 109 
105 50 
132 | 119 
306 | 251 
238 | 171 
49 | 43 
141 128 
297 | 226 
143 | 162 
38 | 48 
139 | 156 
205 | 254 
132 | 173 
45 | 40 
110 48 
211 | 219 
113 | 160 
64 | 44 
148 151 
109 | «161 
120 | 174 
49 | 3 
154 119 
318 | 251 
162 | 151 
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196 


93 
214 
115 


q 
| 
| I 
n 
by giucose 
166 | | 
ble | 136 
288 
| 14 
a | 67 | 10 = 
| | 13 | 8 
n- | 270 21 a 
| 240 | 116 | 
326 36 1 
d —= 
| 208 | 26 
| | 80 2 157 q 
H. C. | = 48 | 7 H 
| 90 9 7 
82 21 228 
: | 72 20 162 i 
190 87 11 
| 9, 7 
| 7% | 16 
| | 113 | 14 
A. L. | | 125 | 10 | 
| | | 12 9 
| 1244 | 15 225 
| | 131 | 3 | iq 
J. Q. 7 
| | 3 
108 | 23 | 
| 42] 2 | i 
| 102 | 8 | 
M8) 
| 145 | 10 | 
B.C. | 6 | 1 | 
| | 
| | | | | | 
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non-fermentable sugar in the 2 to 4 hour period of subject B. ¢. 
Increased excretion of fermentable sugar was observed seven 
times in the 2 to 4 hour period. The values for mannoheptulose 
by Roe’s method are seen to agree well with the non-fermentable 


TaB_e II 
Excretion of Urine Sugar after Ingestion of d-Mannoheptulose 


Bubject | | Time Urine | ferment- 
| | | ‘Total | 
gm. | hra. cc. mg. | mg. | mg. | mg. 
L. 8. 10 | Before 61 | 7 | 37 | 2] 
0- 2 after 95 | 2 | 203 | 193 | 175 
24 “ 61 | 22 | 272 | 166 | 14 
4-6 “ 82 21 | 221 181 | 151 
6-7 “ | 36 
H. C. 5 | Before | & | 4 | @ | 37 | 
| O2after | 8 | 14 | 173 | 147 | 140 
| ea * 96 | 24 195 | 187 | 167 
| | 46 * 74 | 20 | 160 | 118 | 9 
Fy 67 “ | 36 5 | 103 | 37 
J.T. 5 | Before | | 10 | | 42 
fy O0-2after | 91 | 16 | 202 | 184 | 169 
24 | 145 | 22 | 133 193 
| 46 “ | 184 88 «118 
| « | | 5 | 6 | 4 
J. Q. 10 | Before 48 | 8 | 42 | 20 
‘ | O-2after | 64 | 26 280 | 179 | 
| 24 “ | 148 | 40 152 | 225 | 217 
| | 46 “ | 184 | 2 | 92 | 123 
| | @7 “ | 6 | 61 38 
Bc. | @3 * 73 | 51 | 185 | 135 | 1% 
; | | 24 “ 58 | 28 | 330 | 191 | 175 
| #6 * 63 | 23 | 233 | 147 | 181 
| és “ 102 18 | 104 | 107 
8-10 “ 60 7 111 67 
| 10-12 “ 83 | 13 80 66 


values when account is taken of the normal content of these sub- 


. stances. 100 mg. of glucose are equivalent to 151 mg. of manno- 

heptulose when determined by the Shaffer-Somogyi method. 
Mannoheptulose in quantities of 5 and 10 gm. was ingested by 

five of the same subjects who ate avocado. The results are 
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found in Table Il. Again the peak of the excretion of manno- 
heptulose occurred late, either in the 2 to 4 or the 4 to 6 hour 
period. In four cases, most of the sugar was excreted by the end 
of the 6th hour, as indicated by the drop in non-fermentable 
sugar values to the preliminary levels. In the other case, the 
fall in non-fermentable sugar content took place in the 8 to 10 
hour period. It is interesting that the two subjects who ingested 
10 gm. of mannoheptulose excreted no more sugar than did those 
who took 5 gm. Furthermore, the mannoheptulose excreted 
after the sugar was taken was comparable in amount to that put 
out after the avocado was eaten. In this series of experiments, 
there were at least ten specimens containing enough non-fer- 
mentable sugar to give unmistakable reduction of Benedict’s 
sugar reagent. ‘The highest concentration was 0.33 per cent in 
the 2 to 4 hour specimen of subject B. C. Calculation of the 
amount of mannoheptulose recovered in the urine shows that 
about 5 per cent was thus accounted for when 5 gm. were ingested. 
Small increases in the excretion of fermentable sugar were again 
obtained. 

Another series of experiments on the same subjects as in the 
second series was undertaken to learn more about the excretion 
of fermentable sugar after the ingestion of mannoheptulose. In 
these experiments the subjects went without the midday meal. 
The results are recorded in Table III. Again it is seen that several 
of the specimens contained enough non-fermentable sugar to 
reduce Benedict’s qualitative sugar reagent strongly. The highest 
concentration of non-fermentable sugar occurred in the 6 to 7 
hour period of subject B. C. Four of the subjects had the greatest 
rate of non-fermentable sugar excretion in the 2 to 4 hour period, 
while the other had practically identical rates in the 2 to 4 and 4 
to 6 hour periods. In no case did the rate of non-fermentable 
sugar excretion of the 6 to 7 hour period approach the preliminary 
value, showing that the excretion of mannoheptulose was not yet 
completed. All of the subjects apparently excreted more fer- 
mentable sugar after the ingestion of mannoheptulose. However, 
we believe that these increases are fictitious and are dependent 
upon the method used in determining fermentable and non- 
fermentable sugar by yeast. For instance, when approximately 
0.2 per cent mannoheptulose was added to a normal urine con- 
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taining 5 mg. of fermentable sugar per 100 cc., there was ap 
apparent increase of 24 mg. per 100 cc. in this fraction. Similar 
results were found after the addition of 0.4 per cent mannohep- 
tulose, and 0.2 and 0.4 per cent /-xylose to normal urine. [t 
seems probable that the apparent increases in fermentable sugar 


TaBLeE III 
Excretion of Urine Sugar after Ingestion of 5 Gm. of d-Mannoheptulose 
Subject Time | 
hrs. ec. mg. per hr. "00 4 mg. per hr, 
L. 8. 1.5 before 96 4 38 24 
0-2 after 117 7 130 76 
24 * 100 16 200 100 
46 “ 82 ll 183 75 
67 “ 35 6 165 58 
H. C. 1.66 before 37 6 76 17 
0-2 after 72 17 202 73 
24 * 79 14 233 92 
46 “ 60 10 215 65 
67 “ 24 10 190 46 
J. T. 1.66 before 82 6 28 14 
0-2 after 111 22 112 62 
24 * 110 30 206 113 
46 “ 86 13 214 92 
— = 33 12 200 66 
J. Q. 2.5 before 66 2 43 11 
0-2 after 72 5 135 49 
24 4 220 34 
46 “ 94 5 124 58 
| oF “ 30 1 120 36 
B. C. 2.0before | 43 5 66 14 
0-2 after | 100 23 180 90 
24 ‘ 87 20 205 89 
46 ‘ 62 13 231 72 
or. ™ 26 9 269 70 
under such conditions may be due to adsorption on the yeast 
which is present in great excess. 

The fluid intake in the above experiments was purposely re- 
stricted in the hope that highly concentrated specimens of urine 
would be obtained, so that the osazone of mannoheptulose could 
be isolated and recrystallized. We were successful in obtaining 
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the characteristic spherulites described by Wright (9) but failed 
to recrystallize them. 

Mannoheptulose has the property of reducing alkaline copper 
sugar reagents at temperatures under the boiling point. This 
property serves the useful purpose of helping to identify the sugar. 
The test of Lasker and Enklewitz (10) for xylulose is thus positive 
for mannoheptulose, as well as for xylulose and fructose. Manno- 
heptulose and fructose are positive in the Seliwanoff test but the 
first is not fermented by yeast while the latter does ferment. 
Neither mannoheptulose nor xylulose is fermented by yeast and 
both are positive in Bial’s test, while fructose is negative. Manno- 
heptulose in Bial’s test gives a reaction which may be easily mis- 
taken for xylulose, differing in that a fleeting red color is produced 
before the blue-green color appears. The final reaction product 
for the two sugars is practically indistinguishable. Application 
of Tauber’s (11) color test for pentoses enables one to decide 
which sugar is present. Mannoheptulose reduces the common 
sugar reagents much less strongly than does glucose. We found 
that 100 mg. of glucose are equivalent to 151 mg. of mannoheptu- 
lose when determined by the Shaffer-Somogyi method. 


DISCUSSION 


Our results show that roughly 5 per cent of the mannoheptulose 
ingested appeared in the urine within 6 hours after 5 gm. had been 
taken. No greater amount appeared when 10 gm. were ingested. 
This would indicate that 5 gm. were enough to furnish the quota 
required by the low coefficient of absorption of the sugar. Excre- 
tion of the sugar began to decline after 6 hours. The bulk of the 
sugar seems to have been disposed of otherwise than through 
absorption and excretion. It may have been converted to a 
utilizable carbohydrate, as suggested by the experiments of Roe 
and Hudson on rabbits, or it may have suffered change in the 
gastrointestinal tract. Unpublished experiments on rats per- 
formed in this laboratory did not show that the sugar was stored 
as such in the tissues, so we do not consider it likely that such 
storage occurred in the experiments on man. The results fail 
to show whether or not mannoheptulose is available to man. 

The experimental findings reveal that mannoheptulose may ap- 
pear in the urine after the avocado is eaten. Furthermore, the 
concentration of the sugar in the urine may be sufficiently high to 
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cause reduction of the alkaline copper sugar reagents and lead to 
a false diagnosis of diabetes mellitus. The simple test of adding 
1 ec. of urine to 5 cc. of Benedict’s qualitative sugar reagent and 
allowing the mixture to stand overnight at room temperature wil] 
detect xylulose, fructose, and mannoheptulose. Glucose wil] 
reduce under these conditions only when its concentration is 2 
per cent or higher. This test should be made whenever sugar is 
found in the urine of a patient seen for the first time. It should 
perhaps be recalled that xylulose will always be found in the 
‘n urine of persons having essential pentosuria, but that fructose, 
Pi in cases of essential fructosuria, and mannoheptulose will occur 
only when the appropriate foods have been eaten. 


mal persons after the avocado is eaten. The concentration of 
sugar was high enough to cause reduction of the ordinary sugar 
reagents, thus becoming another source of confusion in the diag- 
nosis of diabetes mellitus. The peak of excretion of manno- 
a heptulose usually occurred in the 2 to 4 hour period after the 
: ” avocado was eaten or after the ingestion of the sugar. The rate of 
sugar excretion began to decrease 6 hours after consumption of 
the sugar. Approximately 5 per cent of the sugar appeared in 
cab a the urine during a period of 6 hours after 5 gm. of the sugar were 
— ingested. The fate of the remainder of the sugar was not deter- 
mined. 


. Roe, J. H., and Hudson, C. S., J. Biol. Chem., 112, 443 (1935-36). 


. Benedict, 8. R., and Osterberg, E., J. Biol. Chem., 48, 51 (1921). 
. Shaffer, P. A., and Somogyi, M., J. Biol. Chem., 100, 695 (1933). 
. Peters, J. P., and Van Slyke, D. D., Quantitative clinical chemistry, 


. Roe, J. H., J. Biol. Chem., 107, 15 (1934). 
. La Forge, F. B., J. Biol. Chem., 28, 511 (1916-17). 
. Montgomery, E. M., and Hudson, C. 8., J. Am. Chem. Soc., 61, 1654 


. Wright, F. E., J. Biol. Chem., 28, 523 (1916-17). 
. Lasker, M., and Enklewitz, M., J. Biol. Chem., 101, 289 (1933). 
. Tauber, H., Proc. Soc. Exp. Biol. and Med., 37, 600 (1937-38). 


SUMMARY 


It was shown that mannoheptulose appears in the urine of nor- 
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RADIOACTIVE PHOSPHORUS AS AN INDICATOR OF 
PHOSPHOLIPID METABOLISM 


XI. THE INFLUENCE OF METHIONINE, CYSTINE, AND CYSTEINE 
UPON THE PHOSPHOLIPID TURNOVER IN THE LIVER* 


By I. PERLMAN, N. STILLMAN, anp I. L. CHAIKOFF 


(From the Division of Physiology, University of California Medical 
School, Berkeley) 


(Received for publication, January 30, 1940) 


The réle of protein in the dietary production and cure of fatty 
livers has received considerable attention in recent years (1, 2). 
Casein, like choline, depresses the deposition of excessive amounts 
of fat in the liver. Not all proteins have identical action in this 
respect, and this finding has been taken as evidence that some 
component of the protein molecule is the active lipotropic agent. 
Thus, Best et al. (3) found gelatin to be inactive, whereas Beeston 
et al. (4) showed that edestin possessed some lipotropic activity. 
Recently several choline-free preparations were assayed in Chan- 
non’s laboratory (5) and their lipotropic activity was recorded as 
follows in decreasing order: whale muscle protein, caseinogen, 
albumin, beef muscle protein and edestin, fibrin and gliadin, gela- 
tin and zein. The first attempt to identify the active component 
of protein was made by Beeston and Channon (6), who fed rats 
high fat-low protein diets along with supplements of cystine. No 
lipotropic action was observed; indeed these workers noted that 
this amino acid elevated rather than decreased the lipid content 
of the liver. Tucker and Eckstein (7) then reported that methio- 
nine possessed lipotropic properties, and this finding was con- 
firmed by Channon et al. (8). Later, ‘Eckstein et al. showed that 
lysine (9) and cysteine and homocystine (10) had no lipotropic 
effect on the liver. 

* Aided by grants from the Research Board of the University of Cali- 
fornia. The assistance furnished by the Works Progress Administration 
(Official Project No. 65-1-08-62, Unit A6) is gratefully acknowledged. 
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Although several views regarding the mechanism of the action 
of choline have been expressed, the first evidence clearly to estab- 
lish an association between the action of choline and phospholipid 
turnover was obtained in this laboratory (11). By the use of 
radioactive phosphorus as a means of labeling the phospholipid 
molecule, it was shown that choline speeds up phospholipid turn- 
over in the liver. Choline, moreover, was not the only substance 
that altered’the rate of phospholipid turnover there. Betaine, 
which resembles choline in its lipotropic effect, was found to 
stimulate phospholipid turnover (12), whereas cholesterol, the 
feeding of which results in an increased infiltration of fat in the 
liver, was shown to depress the turnover of radioactive phospho- 
lipid (13). These findings provide evidence that phospholipid 
turnover is an important intermediary link in the removal or 
deposition of fat in the liver: 

In the present investigation, the same method, namely identi- 
fication of phospholipid by means of radioactive phosphorus, has 
been employed to determine the effects of amino acids on the rate 
of phospholipid turnover. Three amino acids were studied, cys- 
tine, cysteine, and methionine. 


EXPERIMENTAL 


The results recorded here were obtained from separate analyses 
of 184 rats, the data of which are shown in Tables I and II and 
in Fig. 1. The same procedure was followed throughout in the 
determination of the effects of each amino acid upon phospholipid 
activity. 

Animals maintained on a standard laboratory diet were fasted 
for 24 hours and then placed on a high fat diet (11), which con- 
sisted of 40 per cent unsalted butter, 50 per cent glucose, 5 per cent 
extracted casein, and 5 per cent of a salt mixture. Vitamin sup- 
plements were also added to the diet before it was fed. The vita- 
min B complex was furnished as a concentrate obtained from rice 
bran. A standardized cod liver oil supplied vitamins A and D. 
After the use of this diet for 3 days, the amino acids were ad- 
ministered. Once the rats were placed on this diet, access to food 
was permitted during the entire period of observation. 

Radioactive phosphorus was injected subcutaneously. Each 
rat received 1 cc. of an isotonic solution of NagHPQO,, which con- 
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tains 3 mg. of phosphorus. The radioactivity of the sample of 
phosphorus injected in each rat measured between 0.5 and 1 
microcurie. The amino acids were fed by stomach tube at the 
“same time that the phosphorus was injected. Unless otherwise 
stated, the livers were analyzed for labeled phospholipid at a single 
interval thereafter; namely, 7.5 to 8 hours after the radioactive 
phosphorus was injected. At this time the maximum amount 
of labeled phospholipid was deposited in the liver (11). This 
interval also provides ample time for the absorption of the amino 


acids (14, 15). 


ACTIVITY - PERCENT 


3. 


25 30 175 100 TSO 200 
CYSTEINE- HCL — MG. 
Fic. 1. The effect of varying doses of cysteine hydrochloride upon the 
level of newly formed phospholipid in the liver. The ordinates refer to 
per cent of administered labeled phosphorus found as phospholipid of the 
whole liver. Each point is the average of twelve separate analyses. The 
critical ratios (d/s.e.¢ values) between the group of rats receiving no 
cysteine and those that were fed 24, 72, and 214 mg. of cysteine hydro- 


chloride were respectively 1.4, 4.2, and 6.3. 


The amino acids were fed as 10 or 20 per cent suspensions in 0.5 
per cent solution of gum tragacanth. Each animal received by 
stomach tube 1 cc. of this suspension, which contained 100 or 200 
mg. of an amino acid. Control animals received 1 ce. of gum 
tragacanth solution by stomach tube. In each experiment ani- 
mals were carefully matched, so that treated animals were com- 
pared with control animals of the same weight and sex. 

The isolation of the phospholipids from the liver as well as the 
method by which they were mounted for determination of their 
radioactivity has been recorded elsewhere (16). Soy bean 
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lecithin was used as phospholipid carrier and was added to the 
petroleum ether extract just before precipitation with magnesium 
chloride and acetone. The amount of lecithin added was such as 
to give a final mass of 100 mg. in every sample. This was found 
to be a convenient quantity for mounting on the blotter and was 
maintained constant in order to rule out possible variations in 
self-absorption of the radioactivity. 

For determination of radioactivity, a blotter (always of uniform 
size) containing the precipitated phospholipid was placed com- 
pletely around a small thin walled (0.1 mm.) aluminum Geiger 
counter, so as to attain a maximum solid angle. 1 microcurie of 
P® when measured in this manner yielded 4 X 10° counts per 
minute. Sensitivity of the counter was checked before and after 
each measurement by means of a standard thorium source. 


Results 


Methtonine—The effects produced on phospholipid turnover by 
a single feeding of methionine were determined in four separate 
experiments, which are recorded in Tables I and II. In all, 
thirty-two treated animals are compared with an equal number of 
controls. In Table I each rat received 100 mg. of methionine at 
the end of a 3 day period of fat feeding. In the three experiments 
shown in Table II each rat received 200 mg. of methionine by 
stomach tube. This amino acid produced an elevation in the rate 
of phospholipid turnover. The average activity' found 8 hours 
after the administration of 100 mg. of methionine (Table I) was 
3.41 + 0.14 for the whole liver, as compared with control averages 
of 2.70 + 0.12. In the three experiments recorded in Table II, 
methionine increased the rate of incorporation of phosphorus into 
phospholipid by 33, 32, and 41 per cent. 

Cystine—The effects of this amino acid were tested in four 
separate experiments involving thirty-two treated rats and thirty- 
two control animals. Each of the treated animals received a 
single administration of 200 mg. of I-cystine, the results of which 
are shown in Table II. Increases of 23, 21, 33, and 22 per cent in 


1 Throughout this paper the term phospholipid activity refers to the per 
cent of administered labeled phosphorus recovered as phospholipid in the 
whole liver. Control rats and rats that were fed amino acids were carefully 
paired with respect to weight and sex. 
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the average phospholipid activities of the whole liver were found 
after the feeding of this amount of cystine. 

Cysteine—This amino acid also stimulated the phospholipid 
turnover in the liver of fat-fed rats. The four separate experi- 
ments in which this amino acid was tested involved thirty-two 
control and thirty-one treated rats (Table II). The average 
activities, determined at an interval of 8 hours following the ad- 


TABLE | 


Effect of Single Administration of 100 Mg. of Methionine upon Phospholipid 
Activity of Liver* 


Control Methioninet 
| RatNo. | Activity | Rat'No. | Activity — 
| Ba | 2.45 M-1 4.00 
B-2 2.45 | M-2 3.13 
| | 3.09 | M3 3.74 
B4 | 3.26 M-4 3.23 
B-5 2.87 | M-5 3.35 
| 2.58 | M46 2.87 
| Br | 248 | M7 3.81 
| BS | 24 | M8 3.16 
Average activity. .... 2.70 + 0.12 341+ 0.14 
increase........... 26 
| | 3.9 


*The percentage of the administered labeled phosphorus found as 
phospholipid in the whole liver. In these experiments all livers were 
excised 7.5 hours after the injection of radioactive phosphorus. 

+ A pure synthetic di preparation. 

t dis the difference between the two means; s.£.4is the standard error of 
the difference of the means. Critical ratios of 2 and above are usually 
considered statistically significant. 


ministration of 200 mg. of cysteine as the hydrochloride, showed 
increases of 39, 17, 40, and 25 per cent above the averages for 
their respective control groups. 

Effect of Varying Cysteine Dosage upon Phospholipid Turnover— 
Forty-eight rats were fed the high fat-low protein diet for 4 days 
and then treated as follows: all rats were injected with 3 mg. of 
labeled phosphorus. The amount of cysteine hydrochloride fed 
differed. Twelve rats received none of this amino acid; the other 
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TABLe II 


Effects of Single Administrations of 200 Mg. of Cysteine, Cystine, and 


Methionine upon Phospholipid Activity of Liver* 


Control LC l-Cystine} 
Rat No, Rat No. Activ-| Rat No. Rat No, 
. 1. Males, 180 to 200 0 | Ac-1 | 2.13) Ce-1 | 4.32 Ci-1 | 2.96 M-9 | 2.66 
gm. | Ac-2 | 1.77) Ce-2 | 3.00| Ci-2 | 2.86) M-10 | 2.83 
| Ac-3 | 3.24) Ce-3 | Ci-3 | 3.58, M-11 | 3.33 
Ac-4 | 2.02) Ce-4 | 3.29 Ci-t | 2.39) M-12 | 3.60 
Ac-5 | 2.76, Ce-5 | 3.61) Ci-5 | 3.02) M-13 | 3.03 
Ac-6 | 2.59, Ce-6 | 2.62 Ci-6 | 3.53, M-I4 | 3.39 
Ac-7 | 2.49! Ce-7 | 3.00) Ci-7 | 2.57, M-15 | 3.31 
A Ac-8 | 1.93 Ce-8 | 3.90 Ci-8 | 2.48 | 
Fe Average activity. .|2.37 + 0. 17| 3.28 + 0.22| 2.92 + 0.16 3.16+0.13 
/ %inerease....... | 39 23 33 
| (3.3 | 2.4 3.8 
{ 2. Males, 260 to 300 Ac-9 2.71; Ce-9 | 3. 04 Ci -9 | 3. 41) M- 17 | | 3. 96 
gm. | Ac-10 | 2.50) Ce-10 | 2.58) Ci-10 | 2.05) M-18 | 4.31 
| Ac-11 | 2.83) Ce-11 | 3.85) Ci-11 | 3.06) M-19 | 2.78 
/ Ac-12 | 2.61) Ce-12 | 3.58, Ci-12 | 3.75, M-20 | 2.76 
| Ac-13 | 2.57| Ce-13 | 2. 60 Ci-13 | 3.07, M-21 | 3.87 
| | Ac-14 | 2.37) Ce-14 | 2.81) Ci-14 | 2.49) M-22 | 3.99 
| | Ac-15 | 3.11) Ce-15 | 3.30) Ci-15 | 4.00; M-23 | 3.31 
| Ac-16 | 2.44 Ce-16 2.96, Ci-16 3.69) M-24 | 3.10 
Average activity.. 2.04 0.08) 3.00 40.16 3.192 3.47 
% increase....... (21 32 
d/s.B.a. | 2.2 | 3.8 
3. Females, 170 to | Ac-17 2.12 Ce-17 | 3. rats Ci- 17 | | 5. 13 M25 | 3.79 
190 gm. Ac-18 | 2.99, Ce-18 Ci-18 | 3.88 M-26 | 2.57 
Ac-19 | 2.99) Ce-19 “ 70) Ci-19 | 3.00, M-27 | 3.84 
Ac-20 | 2.51) Ce-20| 3. 26 Ci-20 | 3.54, M-28 | 2.94 
Ac-21 | 1.27) Ce-21 | 3.28) Ci-21 3. 72) M-29 | 3.99 
Ac-22 | 3.87 Ce-22 | 4. 39 Ci-22 | | 3. 11) M-30 | 3.14 
Ac-23 | 2.68) Ce-23 | 3.82) Ci-23 | 2.16) M-31 | 4.18 
Ac-24 | 2.24) Ce-24 | 3.46) Ci-24 | 2. at: M-32 | 4.50 
Average activity. .|2.58 + 0.27 3.62 + 0.14, 3.40+ 0.32) 3.63+0.24 
% increase. ..... 40 
3.5 | 2.0 | 2.9 
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TaBLe I]—Concluded 
| Control l-Cysteinet 1-Cystinet Methionine§ 


Experiment No. 
‘Activ-| | Activ- Activ- ‘Activ- 
| Rat No. | ity | Rat No. | ity Rat No. i ity | Rat No, ity 


4. Males, 180 to 200 | Ac-25 | 2.68 Ce-25 | 3. 62 Ci-25 | | 3. 51) | 
| Ac-26 | 2.66, Ce-26 | 3.75) Ci-26 | 3.25) 

| Ac-27 | 3.20 Ce-27 | 3. 79 Ci-27 | 4. 03) 

| Ac-28 3.36) Ce-28 | 3. 99 Ci-28 | 2. 70 
Ac-29 | 4.16, Ce-29 | 3.54) Ci-29 | 4.74) 

Ac-30 | 2 78 Ce-30 | 3.48) Ci-30 | 3.64 

Ac-31 | 2.79) Ce-31| 3.75) Ci-31 | 


gm. 


| 
| 


| | 2.07] | Ci-g2 | (3.10 
Average acitadie, lo. 96 + 0. 22. 3.70+0. -06 | 3.62 + 0.22) 
% increase. ...... 25 2 | 
| 3.2 2.1 | 


* The percentage of ‘the administered labeled phosphorus found as 
phospholipid in the whole liver. In these experiments all livers were 
excised 7.5 to 8.0 hours after the injection of radioactive phosphorus. 

+ Pfanstiehl c.p. grade; fed as the hydrochloride. 


t Pfanstiehl c.p. grade. 
§ A pure synthetic dil preparation. 
|| dis the difference between the two means; 8.8.4 is the standard error 


of the difference of the means. Critical ratios of 2 and above are usually 
considered statistically significant. 


three groups of twelve rats each received by stomach tube 24 
(0.15 milliequivalent), 72 (0.45 milliequivalent), and 214 mg. 
(1.35 milliequivalents) of it. The amino acid and phosphorus 
were administered simultaneously and the livers removed for 
analysis 6.3 hours later. The results show that the magnitude 
of the activity varies with the dose of cysteine fed. Very little 
stimulation to phospholipid activity followed the ingestion of 24 
mg. 72 and 214 mg. of cysteine hydrochloride, however, resulted 
in increases of 19 and 29 per cent respectively. 


DISCUSSION 


The present investigation establishes a relation between the 
metabolism of certain amino acids and the phospholipid activity 


of the liver. It has been shown here that three amino acids— 
methionine, cystine, and cysteine—accelerate the phospholipid 
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turnover in the liver. Although the difference between the labeled 
phospholipid content in the livers of the treated and untreated 
rats did not exceed 40 per cent, this difference nevertheless as- 
sumes considerable significance when it is recognized that phos- 
pholipid metabolism in the liver is a dynamic process in which 
newly formed phospholipid is constantly replaced. 

The stimulation of phospholipid activity produced by methio- 
nine is in line with its lipotropic action; 7.e., its ability to prevent 
the deposition of fat in the liver of rats fed high fat-low protein 
diets (7, 8). But the finding that cystine and cysteine stimulate 
phospholipid production in the liver is not in line with their nega- 
tive lipotropic action (6, 10). It should be noted, however, that 
the method of administering amino acids adopted in the present 
study differed from those in which their lipotropic action was 
studied. In the latter, cystine was fed daily for a period of 2 to 8 
weeks, whereas all observations in the present study were made on 
livers obtained several hours after a single feeding. While an 
explanation of the lack of uniformity between the lipotropic action 
and the effect upon phospholipid turnover of cystine and cysteine 
cannot be offered at the present time, it is nevertheless of interest 
to call attention here to the pathological changes encountered 
after prolonged feeding of cystine (17-19). It cannot be inferred, 
however, that the failure to obtain a lipotropic effect with pro- 
longed feeding of cystine is to be ascribed to its toxicity, for the 
experiments in which toxic effects were obtained and those in 
which its lipotropie action was studied were not strictly compar- 


able. 


The radioactive phosphorus used in this investigation was 
supplied by members of the Radiation Laboratory under the 
direction of Professor E. O. Lawrence, to whom our thanks are 


due. 


SUMMARY 


The effects of single administrations of methionine, cystine, 
and cysteine upon the phospholipid activity of the liver of rats 
fed a high fat-low protein diet were investigated with radioactive 


phosphorus as indicator. 
These sulfur-containing amino acids stimulated the rate of 
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phospholipid turnover in the liver. Increases in phospholipid 
activity were observed 6 to 8 hours after single feedings of these 
three amino acids. 
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THE DISTRIBUTION OF WATER AND ELECTROLYTES 


IN SKELETAL MUSCLE OF THE DOLPHIN (TURSIOPS 
TRUNCATUS)* 


By LILLIAN EICHELBERGER, E. M. K. GEILING, anp 
B. J. VOS, Jr. 


(From the Lasker Foundation for Medical Research and the Departments 
of Medicine and Pharmacology of the University of 
Chicago, Chicago) 


(Received for publication, February 17, 1940) 


Previous studies on the distribution of water and salts between 
blood and muscle in terrestrial mammals (dogs) stimulated an 
analogous study on sea mammals (dolphin, Tursiops truncatus). 
In the past, investigative studies on dolphins did not include 
chemical analyses of skeletal muscle, and since it has become pos- 
sible to estimate the relative amounts of extra- and intracellular 
phases of skeletal muscle (1), this study of these phases in mam- 
mals living in sea water has been made. 

The principal purposes of this investigation were (1) to deter- 
mine the distribution of salts and water between serum and 
muscle, (2) to utilize these data for the quantitative estimation 
of the relative amounts of the extra- and intracellular phases of 
skeletal muscle, and (3) to compare these data with those obtained 


on dogs. 
EXPERIMENTAL 


The dolphins used in these experiments had been captured and 
kept in large circular tanks. Just before they were used, they 
were transferred to the flume, a smaller tank. Dolphins 2 and 
4 had been without food in the flume before being sacrificed. 
Usually it required from 3 to 5 days in the large tanks for the ani- 

* Part of the expense of this project was defrayed from a grant-in-aid of 


the Committee on Research in Endocrinology of the National Research 
Council and from the Biological Grant from the Rockefeller Foundation to 


the University of Chicago. 
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mals to overcome the fear resulting from capture. Dolphin 5, g 
lactating female, ate 10 pounds of mullet the day before it was 
sacrificed. Dolphin 6 had been in captivity in the large tank for, 
year. For that reason it was handled more easily than Dolphins§, 
only 10 minutes elapsing between the time it was taken from the 
flume and the taking of the blood sample. These experiments, 
therefore, include both the animals that were not eating and those 
that were eating, which is of importance because authorities on 
this species state that dolphins obtain their fluids almost entirely 
from their food rather than by drinking water." 

Blood was taken from the living animals by heart puncture, 
The dolphin was then killed by air embolism into the heart, and 
the rectus abdominis and the sacrospinalis muscles promptly 
removed. The following determinations were made on the 
serum: water, chloride, sodium, potassium, calcium, and mag- 
nesium. A complete blood and serum analysis was given in a 
previous paper (2). On the muscle, water, chloride, sodium, 
potassium, calcium, magnesium, and neutral fat determinations 
were made. 

The blood samples were treated as previously reported (2). 
After the muscles had been wiped with sterile gauze to remove ad- 
herent blood, they were wrapped in waxed paper, chilled, and 
placed in large thermos jars, which were capped and sent by air 
express to our laboratories in Chicago. The following morning 
when the jars were received, the semifrozen muscle was placed 
on a tile and trimmed to remove free fat and connective tissue. 
Cross-sections of the muscle were taken from the inner, unexposed 
part, placed in large glass-stoppered weighing bottles, and minced 
finely with scissors. The technique for the analyses was the same 
as that described for kidney tissue (3). The chemical methods 
also were the same (3, 4). Since the chemical methods already 
have been given in detail, it is not necessary to repeat them. All 

1 The collection of this material was made possible through the coopera- 
tion of the scientific and technical staffs of the Marine Studios, Marineland, 
St. Augustine, Florida. The location of the Marine Studios is ideal for the 
capture of dolphins; the trained personnel handles these animals without 
injuring or unduly exciting them. The efficient service of the Eastern Air 
Lines and the Air Express of the Railway Express Agency was an indis- 
pensable link in the transportation of the samples from St. Augustine or 
Jacksonville to the laboratories in Chicago. 
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muscle analyses were corrected for neutral fat. They could not 
be corrected for circulating blood by a comparison of the amount 
of hemoglobin in the tissue with that in the whole blood of the 
same animal because muscle hemoglobin found in the dolphin 
was too high for this method to be accurate. As a result, all 
data on the muscle will be expressed on a fat-free basis only. 


TaBLe 
Analyses of Serum and Muscle of Dolphins 
The muscle concentrations are expressed in units per kilo of fat-free 


muscle. 
Dolphin No. | | HO | cl | Ne | K | Me | Fat 
gm. m.éq. m.eq m.eq m. eq. 
| 
3.* Young | Serum 887.4102.9 |146.0, 3.44/3.92) 2.08 
female |Sacrospinalis _|744.0| 10.7 | 16.7107.1 |2.68 22.8 3.5 89 
4, Lactat- | Serum 874. 156.9| 5.29/4..24) 2.78 
ing Sacrospinalis 731. 9 16.1) 99.9 2.4025.760.45) 76 
5. Nearend| Serum 906 .0,105. 150.5) 4.89/4.70) 2.06 
of lac- | Rectus abdominis761. 5 11. 20.8 95.2 1. 7617. 900. 90) 97 
tation | | Sacrospinalis 746.0) 10.55) 20.1) 91.6 (1.6218. 340. 87 
6. Old fe- | Serum 906.0109.5 151.0, 4.594.58, 2.00 
male | Rectus abdominis 744.5 10.36) 16.3) 92.0 1. 70 18.900.51) 83 
"Sacrospinalis 10.01! 19.6) 98.2 1.6221.64/0.65, 80 
| 
Dogs (ef. Serum 922 109.0 |142.0 
fet | 6.0) 1.7] 4.1 | 
Dogs (cf. | Rectus abdominis 765 21.5 | 32.4 
(1)) et | 6.4 2.8) 4.8) x 


* Weight 80 kilos. 
t Standard deviation. 


Results 


Table I presents the results of the analyses of serum and skeletal 
muscle, including the rectus abdominis and the sacrospinalis, 
from four female dolphins. It will be noted that: (a) The neutral 
fat in all dolphin skeletal muscle is surprisingly low. Therefore, 
it is not so essential to express the concentrations in terms of fat- 
free muscle as in dog muscle. The finding indicates that the 
excess fat of these animals must be stored almost exclusively in 
the blubber. (b) The water content and the concentrations of 
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bases and chloride of the rectus abdominis muscle were not dif. 
ferent from the concentrations of the same constituents of the 
sacrospinalis muscle. (c) The chloride content of the muscle was 
low. However, if correction could have been applied for the 
chloride of the blood contained in the tissue, it would have beep 
lower. This may be regarded as additional support for the 
assumption that chloride in muscle is confined to the extracellular 
phase. (d) The sodium content of the muscle was higher than 
the chloride content. Chloride is considered to be only in the 
extracellular phase of the muscle, and to exist there in the same 
concentration as in an ultrafiltrate. After allowance is made for 
sodium in the extracellular phase, based on the chloride caleula- 
tions, there is “excess sodium” remaining, in varying amounts 
from 2.5 to 7.0 mm with an average of 4.6 mm. ‘These results are 
similar to those found in the skeletal muscle of dogs. 

Extracellular and Intracellular Phases of Normal Dolphin Mus- 
cle—From the data of Table I and the fact that the chloride of 
skeletal muscle is confined to the extracellular phase, the relative 
proportions of extra- and intracellular phases of skeletal muscle of 
the dolphin were calculated by means of the equations presented 
in a preceding paper (1). Briefly, the amounts of extracellular 
phase (F) in gm. per kilo of muscle were calculated from the 
equation 


(F) (Cl) m x (H,0), x 1000 
1.04 X (Cl), 

in which the subscripts m and s represent muscle and serum, 
respectively. From the values for (7), the intracellular phase (C) 
per kilo of muscle was estimated by the equation (C) = 1000 - 
(F). 

Such a calculation led to the following results. The mass of the 
extracellular phase (fF) = 85 gm., o + 8; (C) = 915 gm.,0 +8. 

The data were also used to calculate the percentage of water in 
the intracellular phase {H2O}¢ by the equation 


H.O 
(H,O}c = 


in which (H:O)¢ represents gm. of intracellular water per kilo of 
muscle. This calculation led to the value for {H,O}.~ of 720 gm. 
per kilo of muscle cells, ¢ + 5. 
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From the data of Table I and the equations, the extra- and intra- 
cellular phases of dolphin skeletal muscle were calculated. The 
results of these calculations are graphically presented in Fig. 1. 
In all skeletal muscles the extracellular phase was small (varying 
from a minimum of 75 gm. to a maximum of 97 gm. per kilo of 
fat-free muscle). These results show that in mammals living in 
sea water, the extracellular phase amounts to an average of 8.5 
per cent of the muscle, and the intracellular phase 91.5 per cent. 
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Fic. 1. Graphic representation of the extra- and intracellular phases of 
skeletal muscle of four dolphins as compared to that of the mean of twenty 
dogs. The concentrations are presented per kilo of muscle, in which the 
extracellular phase (F) is represented by the unshaded areas, the water 
content of the intracellular phase (H:O)c by the simple shaded areas, and 
the solid content of the intracellular phase (S), by the cross-hatched areas. 
Sand R represent the sacrospinalis and rectus abdominis muscles, respec- 
tively. 


The phase volumes of skeletal muscle of dolphins were compared 
with those obtained on the muscle of dogs (Fig. 1), with the follow- 
ing findings. 

1. The extracellular phase of 1 kilo of dolphin muscle was about 
one-half of the value found for dog muscle, proving that sea mam- 
mals do not store water in this phase of the skeletal muscle to the 
extent that the land mammals do. 

2. The percentage of water in the intracellular phase in the 
dolphin skeletal muscle, 72.0, ¢ + 0.5, was the same as in dog 
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skeletal muscle, 71.7, ¢ + 0.5. This agreement suggests that the 
internal composition of the muscle cells of the dolphin is like that 
of the dog. 


SUMMARY 


1. Normal values for water, chloride, sodium, potassium, ¢al- 
cium, and magnesium in dolphin (T'ursiops truncatus) serum and 
skeletal muscle have been determined. 

2. The neutral fat in all dolphin skeletal muscle is surprisingly 
low. Therefore, the excess fat of these animals must be stored 
almost exclusively in the blubber. 

3. From the analytical data obtained on dolphins and the as 
sumption that all muscle chloride is in the extracellular phase, the 
relative proportions of extra- and intracellular phases of fat-free 
skeletal muscle have been calculated. The extracellular phase 
amounts to an average of 8.5 per cent, ¢ + 0.8, of the muscle, and 
the intracellular phase amounts to 91.5 per cent, o + 0.8. These 
values do not agree with those found in dog muscle. 

4. The percentage of water in the intracellular phase of dolphin 
skeletal muscle was found to be 72.0 per cent, o + 0.5, which agrees 
with the value established for the muscle cells of dogs. 
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A RAPID EXTRACTOR FOR URINARY STEROIDS 
By E. B. HERSHBERG* ann JOHN K. WOLFEt 


(From the Converse Memorial Laboratory, Harvard University, Cambridge, 
and the Medical Clinic of the Peter Bent Brigham Hospital, Boston) 


(Received for publication, February 19, 1940) 


This work was undertaken in connection with an investigation 
being conducted by one of us (J. K. W.) with L. F. Fieser and 
H. B. Friedgood of the androgens of pathological urines. A 
continuous extractor has been constructed which meets the re- 
quirements of clinical assay work and which appears to have cer- 
tain advantages over other forms of apparatus designed for the 
extraction of hormones from urine. This paper includes a de- 
scription of the extractor and a report of orienting experiments 
conducted to test its efficiency and rapidity of action as applied 
to a few urines of low and of high androgen content. Its suit- 
ability for general assay work is being investigated further by 
Dr. Friedgood. 

To increase the efficiency of extraction with a solvent lighter 
than water over that attained in an extractor of the type described 
by Smith and Smith (1), Gallagher, Koch, and Dorfman (2) 
provided for the dispersion of the organic solvent (benzene) by 
causing it to pass through a sintered glass disk, while Talbot and 
Langstroth (3) introduced an ingenious mechanical stirring device 
to disperse the solvent benzene into small droplets. The present 
apparatus utilizes the principle of dispersion with a porous disk 
as applied to a solvent heavier than water, a combination em- 
bodied in an early extractor for general laboratory purposes de- 
vised by Friedrichs (4), although this is not mentioned by Wehrii 
(5) in his review of extractors in which solvents heavier than water 


* Research Fellow on grants from the National Cancer Institute and Eli 


Lilly and Company to Professor L. F. Fieser. 
t Research Fellow on a grant from the Milton Fund of Harvard Uni- 


versity to Dr. H. B. Friedgood. 
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are used. The solvent selected was carbon tetrachloride, whic 
has the practical advantage over benzene or ether of being nop. 
inflammable and comparatively non-toxic and which is regarded 
by Callow, Callow, Emmens, and Stroud (6) as being superior tg 
benzene as a solvent for the extraction of steroids. The heayy 
solvent is passed through a sintered glass plate and the fine drop- 
lets allowed to fall through a long, narrow column of urine. 

Apparatus (Fig. 1)—The extractor body J, which contains the 
urine and a lower layer of carbon tetrachloride, is connected by 
means of the standard taper joint D to a unit G consisting of 4 
spiral condenser F and a sealed-on tube carrying a sintered plate 
H. The boiling flask A is fitted to the apparatus by means of a 
spherical joint B, which requires no lubricant and is not easily 
frozen. The joint is kept closed with an arm type ball clamp with 
which the flask is supported on a ring-stand. The extractor body 
is fastened to a ring-stand by a large universal clamp placed near 
the level of H. Stop-cock K does not require a lubricant other 
than the solvent used and permits draining the spent urine remain- 
ing after extraction without dismantling the apparatus. 

Heating of the boiling flask is best done with a Bunsen burner 
with a direct, soft flame (an electrically heated aluminum block 
did not give a sufficiently high boiling rate or permit as easy ad- 
justment of the temperature). The vapors ascend through the 
tube C and enter the condenser chamber through a hole drilled 
in the male section of joint D. The condensate then falls through 
tube J and is dispersed by the sintered glass plate H which dips 
under the surface of the urine. The solvents separate in the lower 
part of the chamber; the carbon tetrachloride containing hormone 
returns to the boiling flask through stop-cock K and tube L. 
Tube E equalizes the pressure between the extractor body and the 
condenser system and also allows accumulated water to overflow 
and return to the main body of the urine. 

The efficient and compact spiral type of condenser adequately 
takes care of the vapor at the desired maximum boiling rate. In 
trials with a spiral having only sixteen turns it was possible to 
maintain a flow of more than 10 liters of carbon tetrachloride per 
hour with cooling water at either 5° or 30°. 

From a trial of dispersion plates of different porosity, it was 
concluded that a coarse plate is better than a fine one. Witha 
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Fig. 1. Assembly of urine extractor. A, 1 liter flat bottom boiling flask; 
B, spherical joint 35/20 (Ace Glass, Inc., Vineland, New Jersey ; Scientific 
Glass Apparatus Company, Bloomfield, New Jersey) ; C, vapor tube, 20 to 
22 mm. inside diameter; D, special 50/50 standard taper joint with an 18 to 
20 mm. hole drilled in the side of the male section; E, overflow-equalizing 
tube, 7 mm. outside diameter. The outlet hole is 7 to 9 mm. below the 
vapor inlet; F, coiled tube condenser of tubing of 8 mm. outside diameter 
with both inlet and outlet at the top and facing to the back. The diameter 
of the spiral is 36 to 38 mm. and it is centered by three small knobs at the 
lower end of the coil. The clearance between the coil and side wall is 3 to 
4mm.; G, condenser jacket, 42 to 46 mm. inside diameter; H, porous glass 
disk, 41 to 43 mm. outside diameter, with average pore diameter of 85 to 
145 w (Ace Glass, Inc.); J, liquid connector tube, 13 to 15 mm. outside 
diameter. The length is such that plate H is 130 to 140 mm. below the 
vapor inlet hole; J, extractor body, 60 to 62 mm. inside diameter, 64 to 
66 mm. outside diameter; K, 3-way 4 mm. bore stop-cock with inter- 
changeable No. 17-F plug (Scientific Glass Apparatus Company, No-Lub 
catalogue No. C-880). This permits the extraction to be carried out with- 
out contamination by stop-cock grease. The same result can be obtained 
with an ordinary stop-cock by a final light grinding with jewelers’ rouge 
suspended in either oil or water; L, return tube, 9 mm. outside diameter. 
See the calibration procedure for the vapor tube connection. 
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fine plate it is necessary to provide a greater fluid head by lengthep. 
ing tube J, with consequent decrease in the effective volume avail. 
able for the urine sample, and even so the solvent flow cannot be 
maintained at the maximum boiling rate. A fine plate also give 
rise to more trouble with the emulsions which tend to form in the 
extraction of urine with a dispersed solvent at a high rate of flow. 
and this may necessitate an increase in the space provided at the 
bottom of the extractor for the separation of layers. The wate 
content of such emulsions, to be sure, is low, and in one test with, 
fine plate the emulsion was allowed to siphon over with no ap 
parent harm. The tendency to form persistent emulsions js 
greatly reduced by using a coarse plate, and at the resulting high 
rate of flow the droplets are still very small and appear in 4 
shower extending to all parts of the tube. Another important 
factor is the temperature, emulsions being more prone to form in 
the cold than at the temperature of about 60° which is reached 
after the extractor has been in operation. If the urine is intro 
duced cold, the combination of an unfavorable temperature and a 
high initial steroid content may cause considerable trouble, but 
the difficulty is easily met by first warming the urine to 60°. 
Under these conditions, the emulsion usually breaks a short dis- 
tance below the interface, and even with dark pathological urines 
very rich in steroids it is only necessary to moderate the boiling 
in the early stages of the extraction in order to prevent the emul- 
sion from being carried over. 

Prausnitz (7) recommends that a sintered glass plate be wet 
first with the organic solvent, while Friedrichs (8) states that 
smaller drops are obtained by wetting it with the aqueous solution. 
In our experience with the present extractor, the particle siz 
appeared to be the same in either case after a short period of 
operation. 

Assembly of Apparatus—The extractor is designed to accomo- 
date a fixed volume of hydrolyzed urine in each operation, for 
this makes for simplicity of construction. The volume decided 
upon, in relation to the total capacity of the extractor tube, fixes 
the level at which the return tube L should enter the vapor tube ¢, 
and since this is the last connection to be made in assembling the 
apparatus, the proper point of entrance must be determined by 
experiment. The extractor body J, with the vapor tube C and 
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the stop-cock K sealed in place but not yet directly connected, is 
fitted with the condenser unit and charged with 1175 cc. of water 
at room temperature and enough carbon tetrachloride is added to 
eause the sintered glass plate H to dip 10 to 15 mm. into the water. 


A rubber tube is connected to one of the outlets of stop-cock K — 


and slowly lowered from a vertical position until a point is reached 
where carbon tetrachloride begins to run out. This is selected as 
the proper point for the entrance of the return tube L into C. 

Operation—In the usual case a 1 liter sample of urine is treated 
with 150 ec. of concentrated c.p. hydrochloric acid and the mixture 
boiled for 10 minutes under a reflux. The extractor is charged 
with 250 cc. of carbon tetrachloride and the hydrolyzed urine is 
cooled to 50-60° and introduced through the open joint D, a 
funnel being used to prevent spilling of the liquid into C or onto 
the ground joint, for this may cause the joint to stick. The con- 
denser unit is inserted and a rapid stream of cooling water started. 
Flask A is charged with 500 cc. of carbon tetrachloride and heated 
with the direct flame of a Bunsen burner. With normal urines 
boiling can be conducted at the maximum rate from the start, but 
with pathological urines containing suspended solid the heating 
should be moderate at the outset, with a gradual increase in the 
course of about 15 minutes, when the initial emulsion coagulates 
and full heat can be applied. 

In the test experiments the extraction was interrupted at suit- 
able periods and the extract in the boiler transferred with rinsing 
to a distillation flask and replaced by fresh solvent. The solvent 
was completely removed from the extract by distillation at di- 
minished pressure and the residue was dissolved in 200 cc. of 
ether and the solution washed in a separatory funnel with five 
25 ec. portions of 10 per cent sodium hydroxide solution, the 
washings being discarded. The ethereal solution was evaporated 
to dryness at reduced pressure and the residue dissolved in 95 
per cent ethanol and transferred to a small volumetric flask of 
size proportional to the estimated sterone content. 

We are indebted to Dr. H. B. Friedgood and Miss R. A. Berman 
of the Endocrine Laboratory of the Peter Bent Brigham Hospital 
for making colorimetric assays of the extracts and for carrying 
out parallel extractions of some of the urines with benzene in 
the apparatus of Smith and Smith (1). The assays were con- 
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ducted by a modified Zimmerman procedure (9) similar to that ¢ 
Callow et al. (10) and the results are expressed in mg. equivalents 
of androsterone. 

The results listed in Table I show that with urines of widely 
varying androgen content the new apparatus extracts somewhat 
more sterone in 4 hour than the Smith and Smith benzene ey 
tractor does in 22 hours. With the urines in or near the normal 
range of hormone content, the material removed in the half how 
period is about 95 per cent of that extracted in a period twice as 


TABLE I 


Performance of Extractor; Mg. of Sterone Extracted in Successive Periods 
(Calculated As Androsterone) 


Total extraction time 


30 45 60 75 90 120 150 17 2 
| min. | min, | min, | min, | min. | min. | min. | hrs. | br 


A | 16.9 

B 18.9| 0.6 0.2 | | 
Benzene extractor | 15.7 

D | 21.0) 0.8 0.5 0.3 | 

E 21.4 | | 0.2 | | 

ee | 21.7 | 1004) | | 

E;. Benzene extractor (18.6 
F }23.2| | 1.0 | 0.9) 0.4 0.8 

G 25.4, 0.7, 0.2 | | 0.3 

H 235 
H,. Benzene extractor | 230 
J 394 a8 55 | 31 | 25 | 40 


long and doubtless represents nearly the entire amount present. 
This performance is somewhat more rapid than that attained in 
the extractor of Talbot and Langstroth (3). The apparatus has 
the added advantage of being rugged in construction and can be 
conveniently refilled. Since spent urine can be replaced by 4 
fresh charge without dismantling the apparatus, a large quantity 
of urine can be extracted easily and the total hormone accumulated 
in the boiling flask. 

With the specimen of urine (Sample.J) of extremely high an- 
drogen content the steroid extracted in } hour is 80 per cent of 
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that removed in 1 hour and 62 per cent of the total accumulated 
in 17 hours, which may still be somewhat short of the actual total 
present. The comparative slowness of extraction may be due 
both to the high steroid content and to occlusion of hormone in the 
pigmented solid dispersed in the urine. 

Since in our apparatus the rapidly flowing solvent maintains 
the urine at a steady temperature of about 60°, it may be practi- 
cable to combine the hydrolysis step with the extraction and so 
minimize a possible destructive action of the hot acid on certain 
of the hormones. This possibility is being investigated. 


SUMMARY 


A rapid and efficient apparatus is described for the extraction 
of steroids from urine embodying the principle of causing carbon 
tetrachloride to pass through a porous disk and fall in fine droplets 
through a long column of urine. Colorimetric androgen assays 
of normal and abnormal urines demonstrate the satisfactory per- 
formance of the apparatus. With urines in the normal range, the 
bulk of the androgen fraction is extracted in } hour. 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE 
BACILLI 


LX. CONCERNING THE FIRMLY BOUND LIPIDS OF THE AVIAN 
TUBERCLE BACILLUS* 


By R. J. ANDERSON, M. M. CREIGHTONT, anp ROBERT L. PECKt 
(From the Department of Chemistry, Yale University, New Haven) 


(Received for publication, February 20, 1940) 


It has been known for a long time that acid-fast bacteria contain 
a certain percentage of lipids that are so firmly combined in the 
cellular structure that they cannot be removed by extraction with 
neutral solvents such as alcohol, ether, or chloroform, and this 
material we have designated by the term firmly bound lipids. The 
firmly bound lipids can be removed easily from the bacterial resi- 
dues which remain after exhaustive extraction with neutral 
solvents by treatment with very dilute hydrochloric acid, followed 
by extraction with ether and chloroform. 

Previous reports from this Laboratory have dealt with the 
chemical composition of the firmly bound lipids isolated from the 
human tubercle bacillus (1) and from the so called leprosy bacillus 
(2). The firmly bound lipids of the human tubercle bacillus could 
be separated into filtrable and unfiltrable fractions by forcing a 
chloroform or ether solution of the lipid through a Chamberland 
filter. On analysis the composition of the two fractions was found 


* An abstract of this paper was presented before the Third International 
Congress for Microbiology, New York, September 2-9, 1939. 

The present report is a part of a cooperative investigation on tubercu- 
losis ; it has been supported partly by funds provided by the Research Com- 
mittee of the National Tuberculosis Association. 

t Holder of a National Tuberculosis Association Fellowship at Yale 
University, 1938-39. 

t Holder of a National Tuberculosis Association Fellowship at Yale 
University, 1939-40. 
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to differ mainly in the percentage of carbohydrate; the unfiltrable 
lipid contained about 50 per cent, while the filtrable lipid contained 
about 25 per cent of carbohydrate. In examining the firmly 
bound lipids of the leprosy bacillus (2) no unfiltrable lipid was 
obtained, but the fraction that was analyzed contained about 49 
per cent of a specific polysaccharide. 

In continuation of the studies mentioned above, we have 
recently made an examination of the firmly bound lipids of the 
avian type of tubercle bacilli. The material could be separated 
into filtrable and unfiltrable fractions by forcing a chloroform 
solution of the lipids through a Chamberland filter. In the 
present report we present the result of this investigation, which is 
divided into the following five parts: (1) Extraction and separa- 
tion of the firmly bound lipids of the avian tubercle bacillus; 
(II) Composition of the unfiltrable portion of the firmly bound 
lipids; (111) Composition of the polysaccharide of the unfiltrable 
lipid; (IV) Composition of the filtrable portion of the firmly 
bound lipids; (V) Pyrolysis of the hydroxy acids of the filtrable 
portion of the firmly bound lipids. 

In comparing the cleavage products of the firmly bound lipids 
(1) with those of the chloroform-soluble wax (3) of the human 
tubercle bacillus, we found that they were of the same nature and 
consisted essentially of mycolic acid (4) and a specific polysae- 
charide. The polysaccharides from both products gave on 
hydrolysis mixtures of reducing sugars consisting of mannose, 
d-arabinose, and galactose. 

In the case of the avian tubercle bacillus we have found that 
the chloroform-soluble wax and the firmly bound lipids differ 
entirely in composition. The chloroform-soluble wax, as shown 
by Reeves and Anderson (5), contained mainly hydroxy acids of 
high molecular weight, combined with the disaccharide trehalose 
and about 10 per cent of unsaponifiable matter. The latter 
consisted principally of d-eicosanol-2 but a small amount of d-oeta- 
decanol-2 was also present. As is shown in the present investiga- 
tion, the firmly bound lipids contain mainly hydroxy acids of high 
molecular weight, d-eicosanol-2, and a specific polysaccharide 
which on hydrolysis gives mannose, d-arabinose, galactose, and 
traces of glucosamine and inosite. 


of 
= 
| 
0 
AA f 
d 
hy 


Anderson, Creighton, and Peck 677 


EXPERIMENTAL 


I. Extraction and Separation of the Firmly Bound Lipids of the 
Avian Tubercle Bacillus 


Extraction with 25 Per Cent Alcohol—For the present experi- 
ments we used 500 gm. of dried bacterial cells which had been 
extracted with alcohol, ether, and chloroform by Anderson and 
Roberts (6). The cells were first treated with 2 liters of 25 per 
cent alcohol for 6 hours at 40°, after which the cells were filtered 
off and washed with 25 per cent aicohol. Five further extractions 
for 2 hours at 40° with 1 liter of 25 per cent alcohol were made. 
The cells were filtered off after each extraction and washed with 
25 per cent alcohol. 

The extracts were combined, filtered through a Mandler filter, 
and concentrated under reduced pressure to a suitable volume. 
The solution was used for the isolation of a lactoflavin concen- 
trate and for the preparation of a polysaccharide. These products 
were used in other experiments. 

Treatment with Acidified Alcohol-Ether—The moist bacterial 
cells, after the extractions mentioned above, were digested under a 
reflux for 3 hours at 50° with 2 liters of equal parts of aleohol and 
ether containing 55 cc. of concentrated hydrochloric acid. After 
the mixture had cooled, the cells were filtered off and the filtrate 
was concentrated in vacuo to a volume of about 250 ec. The 
solution was diluted with an equal volume of water and extracted 
thoroughly with ether. The ethereal extract, after being washed 
free of acid with water, dried over sodium sulfate, and filtered 
through a Chamberland filter, was evaporated to dryness. The 
residue was a brownish oil which weighed 7.58 gm. This fraction 
has not been further investigated. 

Extraction with Ether-Chloroform—The bacterial cells were next 
digested at 40° for 1 hour under a reflux in 1 liter of a solution con- 
taining 2 parts of ether and 1 part of chloroform, and this was 
followed by a second extraction in the same manner. The cells 
were next digested five times, with 1 liter of ether each time, and 
warming at 35° for 2 hours under a reflux. The cells were filtered 
off after each extraction and washed with ether. The last ether 
extract contained a mere trace of lipids. The extracts were con- 
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centrated at a temperature of 45° by means of a current of carbon 
dioxide to a volume of about 1 liter. The solution was shaken with 
solid sodium bicarbonate in order to remove hydrochloric acid, 
after which it was filtered through paper and then through a 
Chamberland filter, under carbon dioxide pressure. The Cham- 
berland filter was washed four times with 100 cc. portions of 
chloroform. 

The filtrate and washings on evaporation to dryness gave 32.88 
gm. of a solid residue which will be termed filtrable lipid. The 
substance was dissolved in 300 ce. of ether and 300 cc. of alcohol 
were added, whereupon a heavy white precipitate separated. The 
precipitate was filtered off, washed with alcohol, and dried in 


Taste I 


Firmly Bound Lipids Extracted from 500 Gm. of Defatted 
Avian Tubercle Bacilli 


| Weight | Percent! P | N | Mp 
“gm. |percent| percent| °C, 
Filtrable lipid in acidified aleohol- | 
other | 7.68 | 1.51 | Oil 
Filtrable lipid in ether-CHCl, | | 
....| 82.88 | 6.57 | 0.13 | None | 60-90 
Unfiltrable lipid in ether-CHCl, | | 
13.73 | 2.74 | 0.70 | 0.47 | 190-200 
Total bound lipids............... 54.21 | 10.83 | 


vacuo. The substance was a snow-white powder, which weighed 
21.5 gm. and melted indefinitely, sintering at 60° and melting at 
90°. On further heating it gradually turned yellowish and de 
composed at about 200°. The substance contained 0.13 per cent 
of phosphorus but it was free from nitrogen. A portion of this 
fraction was saponified and the cleavage products were examined, 
as will be described in Part IV. 

The filtrate and washings from the above substance were com- 
bined and evaporated to dryness under reduced pressure. The 
solid residue was not further examined. 

Unfiltrable Lipid—The Chamberland fiiter, through which the 
extract mentioned above had been filtered, was found to contail 
some gum-like material which was dissolved in ether, giving & 
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cloudy solution. The ether was evaporated and the residue was 
dissolved in ligroin and this solution was centrifuged at high 
speed in order to remove suspended bacterial cells. The clear 
supernatant solution was decanted and evaporated to dryness 
in vacuo. The residue was dissolved in 100 cc. of ether and an 
equal volume of alcohol was added, which caused a heavy white 
precipitate. The precipitate was collected, washed with alcohol, 
and dried in vacuo. The product was a white granular powder 
which weighed 13.41 gm. The filtrate and washings on evapora- 
tion to dryness gave a residue which weighed only 0.32 gm. and 
which was not further examined. The principal portion of the 
unfiltrable lipid was examined, as will be described in Part II. 
The several fractions of firmly bound lipids isolated from the 
avian tubercle bacillus are summarized in Table I. 


II. Composition of the Unfiltrable Portion of the Firmly Bound 
Lipids 

The unfiltrable fraction of the firmly bound lipid obtained as 
mentioned above melted with decomposition between 190-200°. 
On analysis the substance was found to contain 0.47 per cent of 
nitrogen and 0.70 per cent of phosphorus. Without any further 
attempt at purification a portion of the substance was saponified 
and the cleavage products were determined as described below. 

Saponification of Unfiltrable Lipid—12.43 gm. of the substance 
were dissolved in 110 cc. of benzene and 30 cc. of 5 per cent alcoholic 
potassium hydroxide were added. This gave a perfectly clear 
solution, but on heating a cloudiness appeared and a precipitate 
separated gradually. After being refluxed on a water bath 
for 30 hours, the mixture was allowed to stand at room tempera- 
ture until the precipitate had settled. The supernatant was 
decanted and the insoluble material was collected on a Buchner 
funnel and washed with benzene. The benzene-insoluble sub- 
stance represented the carbohydrate component and was ex- 
amined, as will be described in Part III. 

Ether-Soluble Saponification Products—The benzene-alcohol 
solution was freed of excess of potassium hydroxide by means of 
carbon dioxide and the potassium carbonate was filtered off, washed 
with benzene, and discarded. The filtrate, after being concen- 
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trated to a volume of about 75 cc., was mixed with 250 cc. of ether 
and washed, first with dilute hydrochloric acid and afterwands 
with water, until the washings were neutral to litmus. 

The aqueous washings were neutralized with potassium hydrox. 
ide and concentrated to dryness. The residue was examined for 
glycerol in the usual manner, but none was found. 

The ethereal solution was dried over sodium sulfate and evap- 
orated to dryness. The residue was a slightly yellowish wax-like 
solid which weighed 4.3 gm. Unfortunately about one-half of the 
material had been lost during the isolation process. In a separate 
experiment it was found that the ether-soluble constituents liber- 
ated on saponification amounted to 64 per cent of the unfiltrable 
lipid. 

Ether-Soluble Constituents 


Isolation of Hydroxy Acids—The total ether-soluble material, 
4.3 gm., was dissolved in 20 ec. of ether and 50 ce. of alcohol were 
added, which caused a white amorphous precipitate, which was 
filtered off, washed with alcohol, and dried in vacuo. On concen- 
tration of the filtrate until the ether was removed, an additional 
small amount of precipitate separated and was filtered off. The 
alcohol-insoluble product consisted of hydroxy acids and weighed 
3.28 gm., corresponding to 76.2 per cent. 

The substances which remained dissolved in the alcoholic fil- 
trate were examined, as will be described later. 

The crude hydroxy acid melted at 56-58° and the equivalent 
weight determined by titration was 946. The substance was very 
slightly soluble in cold ether but was readily soluble in warm ether. 
It was practically insoluble in cold alcohol or acetone. The sub- 
stance after six precipitations from ethereal solution by cooling 
gave Fraction I, 0.5 gm., m.p. 64-67°, [a], in CHCl; +0.9°, mol. 
wt. by titration 1156. 

From the mother liquors on concentration and precipitation 
with acetone two fractions were obtained which had the following 


properties. 


Fraction II—0.9 gm., m.p. 60-61°, [a]p in CHCl; +2.3°, mol. wt. by titra- 
tion 965. Found, C 81.57, H 13.82. 

Fraction IIT—1.1 gm., m.p. 59-60°, [a]p in CHCl; +3.9°, mol. wt. by 
titration 981. Found, C 81.74, H 13.76. 
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The simplest formula calculated from the analytical values is 
CnHie20; (1042). Calculated, C 81.76, H 13.62. The results 
obtained would indicate that the fractions were mixtures of higher 
hydroxy acids that were very similar in composition but which 
differed in melting point and optical rotation. 

Isolation of Lower Fatty Acids—The alcoholic filtrate from the 
hydroxy acids was precipitated by the addition of an alcoholic 
solution of lead acetate. The lead salt was freed of lead in the 
usual manner and gave 0.1 gm. of a solid fatty acid which was not 
further examined. 

The filtrate from the lead salt was concentrated in vacuo nearly 
to dryness, transferred to a separatory funnel with ether, and 
washed first with dilute hydrochloric acid and afterwards with 


TaBLe II 
Composition of Ether-Soluble Constituents of Unfiltrable Lipid 
[percent 
Neutral material, d-eicosanol-2....................... 15.5 
97.3 


water until the washings were neutral to litmus. The ethereal 
solution was then extracted with 2 per cent potassium hydroxide. 
The alkaline extract yielded 0.14 gm. of a liquid fatty acid which 
was not further examined. 

The Neutral Material. Isolation of d-Eicosanol-2—The ethereal 
solution after the above extractions was evaporated to dryness 
and left a neutral crystalline residue which weighed 0.67 gm. 
The substance was recrystallized several times from ethyl acetate 
and was obtained in rosettes of colorless prismatic needles. The 
crystals melted at 62-63° and in ether solution showed [a], = 
+7.1°. The crystal form and properties identify the substance 
as d-eicosanol-2 (7). 

The results of the examination of the ether-soluble constituents 
are summarized in Table II. 


III. Composition of the Polysaccharide of the Unfiltrable Lipid 


The material which had separated from the saponification mix- 
ture was dissolved in 50 cc. of water and the solution was made 
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faintly acid with acetic acid. A solution of neutral lead acetate 
was added in slight excess and the precipitate which formed was 
filtered off, washed with water, and discarded. The filtrate after 
being decolorized with norit was precipitated by the addition of 
basic lead acetate and ammonia. The lead salt was filtered off, 
washed, suspended in water, and decomposed with hydrogen 
sulfide. The lead sulfide was removed and the clear filtrate was 
concentrated to a thick syrup in vacuo. The syrup was dehy- 
drated by grinding under absolute alcohol until a fine, nearly 
white powder was obtained. The powder, after it had been fil- 
tered off, washed with absolute alcohol, and dried, weighed 3.9 
gm., which is equal to 31.3 per cent of the lipid. 

The substance gave pentose color reactions with orcinol and 
phloroglucinol and also a reddish color with resorcinol. No color 
reaction was obtained with naphthoresorcinol and the substance 
did not reduce Fehling’s solution. 

On hydrolysis with 5 per cent sulfuric acid the maximum redue- 
tion was reached in 3} hours and amounted to 50.1 per cent, 
calculated as glucose. 

With immune horse serum the substance gave a precipitin reac- 
tion in dilutions up to 1:500,000. 

On analysis the following values were obtained: phosphorus 1.04, 
nitrogen 1.81, and ash 2.04 per cent. 

Total Pentose Determination according to Tollens’ Method— 
0.5198 gm. of the substance gave 0.1399 gm. of phloroglucide. 
According to Kréber’s table this value corresponds to 0.1598 gm. 
of arabinose, which is equal to 30.7 per cent of the polysaccharide. 

The phloroglucide did not lose in weight on treatment with 
warm alcohol, thus indicating the absence of methylpentose. 

The results of the analyses indicate that the substance is a 
polysaccharide which gives pentose and other reducing sugars on 
hydrolysis. 

The solution which remained after the furfural had been dis- 
tilled off was decolorized with norit and evaporated to dryness 
in vacuo. The only substance that could be identified in the 
residues was inosite, of which 4.5 mg. were obtained. The sub- 
stance crystallized in the characteristic colorless prismatic needles, 
gave the Scherer reaction, and melted at 224-225°. 

Hydrolysis of the Polysaccharide—A portion of the polysac- 
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charide weighing 2.1 gm. was hydrolyzed by refluxing with 25 cc. 
of 5 per cent sulfuric acid for 3} hours and the cleavage products 
were examined as follows: The solution was first extracted three 
times with chloroform but the extract on evaporation to dryness 
left only a trace of residue. It is evident, therefore, that neither 
fatty acids nor other chloroform-soluble substances were present. 
The solution was next decolorized with norit, after which the 
sulfuric and phosphoric acids were removed quantitatively with 
barium hydroxide. The colorless filtrate was concentrated in 
vacuo to a volume of 20 cc. 

Test for Mannose—To 1.0 cc. of the above solution was added 
some phenylhydrazine dissolved in a few drops of alcohol. A 
crystalline precipitate appeared almost immediately, indicating 
the presence of mannose. The test solution was, therefore, com- 
bined with the main solution and to the latter was added 1.0 gm. 
of phenylhydrazine dissolved in 1.0 cc. of aleohol. The mannose 
phenylhydrazone crystallized very rapidly and after standing for 
several hours in the refrigerator the crystals were filtered off, 
washed with water and with alcohol, and dried in vacuo. The 
crystals weighed 0.8623 gm., corresponding to 0.5748 gm. or 27.3 
per cent of mannose. After being recrystallized from 80 cc. of 
60 per cent alcohol, massive, nearly colorless crystals were ob- 
tained, which weighed 0.65 gm. The powdered crystals when 
rapidly heated melted with decomposition at 196-197°. A mix- 
ture of the above substance with authentic mannose phenyl- 
hydrazone melted with decomposition at the same temperature. 

Isolation of d-Arabinose—The filtrate from the mannose phenyl- 
hydrazone was freed of excess phenylhydrazine by means of 
benzaldehyde in the usual manner and the filtrate from the 
benzaldehyde phenylhydrazone was repeatedly extracted with 
chloroform, after which the solution was concentrated in vacuo 
to a thick syrup. 

Unfortunately, a small amount of the syrup was lost through an 
accident. Consequently the amount of the other reducing sugars 
could not be determined quantitatively. 

The syrup was stirred up with 10 cc. of 75 per cent alcohol, 
when a small amount of material did not dissolve but remained as 
& syrupy mass. After standing for some time the clear super- 
natant solution was decanted. 
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The insoluble portion, after being dried in vacuo, weighed 0.35 
gm. and was examined, as will be described later. 

To the decanted solution was added 1.0 gm. of benzylphenyl- 
hydrazine and the mixture was warmed gently until a clear solu. 
tion was formed. The hydrazone began to crystallize within q 
few minutes. After the mixture had stood in the refrigerator 
overnight, the crystals were filtered off and washed with cold 
75 per cent alcohol and with ether. The product was snow- 
white and after being dried in vacuo weighed 0.9216 gm., corre- 
sponding to 0.4189 gm. or 19.9 per cent of d-arabinose. The 
product melted at 174° and gave no depression of the melting 
point when mixed with pure d-arabinose benzylphenylhydrazone, 
After being recrystallized from 20 ec. of 75 per cent alcohol, snow- 
white, fine needle-shaped crystals were obtained which weighed 
0.83 gm. The crystals melted at 174-175° and did not depress the 
melting point of an authentic sample of d-arabinose benzylphenyl- 
hydrazone. 

Galactose Benzylphenylhydrazone—The mother liquor from the 
arabinose benzylphenylhydrazone was concentrated under re- 
duced pressure until the alcohol was removed. The precipitate 
which separated was filtered off, washed with water, and dried 
in vacuo. The product was twice recrystallized from acetone and 
gave fine, colorless, needle-shaped crystals which weighed 0.1460 
gm., corresponding to 0.0730 gm. or 3.5 per cent of galactose. The 
crystals melted at 157-158° and there was no depression of the 
melting point of authentic galactose benzylphenylhydrazone which 
also melted at 157—158°. 

Isolation of Inosite—The mother liquor from the crude galactose 
benzylphenylhydrazone was freed of excess of benzylphenyl- 
hydrazine by means of benzaldehyde in the usual manner, after 
which the solution was concentrated to dryness in vacuo. 

The residue was dissolved in a little water and alcohol was added 
carefully until the solution was faintly cloudy. After the solu- 
tion had stood crystals separated, on scratching, which were 
collected and recrystallized in the same manner. The colorless 
prismatic crystals weighed 15 mg. The crystals gave the Scherer 
reaction and melted at 224°. The properties identify the sub- 
stance as inosite. 

Isolation of an Organic Phosphoric Acid—The material whieh 
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was insoluble in 75 per cent alcohol and which was referred to 
above weighed 0.35 gm. It gave the Scherer reaction, thus in- 
dicating the presence of inosite, and after being decomposed by 
the Neumann method gave a positive test for phosphorus. An 
organic phosphoric acid was isolated as follows: The substance 
was dissolved in a little water and lead acetate was added in ex- 
cess. The insoluble lead salt which separated was filtered off, 
washed with water, and decomposed in aqueous suspension with 
hydrogen sulfide. After removing the lead sulfide, the filtrate was 
concentrated under reduced pressure to a syrup. The latter was 
strongly acid in reaction and after drying in vacuo weighed 47 mg. 
The substance was insoluble in alcohol but could not be obtained 
in crystalline form. It gave a positive Scherer reaction and con- 
tained phosphorus in organic combination. 

Since the acid could not be crystallized, it was converted into 
the barium salt. The acid was dissolved in 10 ce. of water and 
the solution was neutralized with barium hydroxide, after which 
20 ec. of alcohol were added. The white amorphous powder 
which separated was collected, washed with alcohol, and dried 
in vacuo. The product was a white, amorphous powder which 
weighed 76 mg. The salt was analyzed after it had been dried at 
78° in vacuo over dehydrite. 


Analysis—Found, Ba 40.61, 40.60; P 8.99, 9.05 


These values correspond to the formula CoH)eOuP2Bae. 


C,H,014P:Ba2(684.8). Calculated, Ba 40.13, P 9.05 


A barium salt of similar composition was isolated after alkaline 
saponification of the phosphatide of the human tubercle bacillus 
(8). It was shown, however, that this organic phosphoric acid 
on hydrolysis gave mannose (9), and not inosite. The organic 
phosphoric acid isolated in the present investigation must have 
contained inosite and it was probably a compound of glycero- 
phosphoric acid and inosite monophosphoric acid. 

Discussion—The polysaccharides which are combined in the 
firmly bound lipids in the three types of acid-fast bacteria that 
have been studied in this Laboratory up to the present time vary 
in composition with the type of bacteria. The various cleavage 
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products of the polysaccharides that have been identified are 
shown in Table III. 

It will be noticed that each polysaccharide when hydrolyzed 
with dilute sulfuric acid yields about 50 per cent of reducing sugars 
and that the latter have been accounted for by the amounts of 
mannose, d-arabinose, or galactose that have been isolated. §o 
far it has been impossible to identify the non-reducing portion of 
the polysaccharides. Small amounts of inosite have been iso- 
lated from the hydrolysis products of the polysaccharides from 
the human and avian bound lipids, but they represented only an 


Taste III 
Cleavage Products of Polysaccharides Contained i in Firmly Bound Lipids 
Type of bacillus Human A-10 Pm cing “4 Avian 
| per cent | per cent per cent 
Total reducing sugar on hy- | | 
57.0 50.5 50.1 
d-Mannose... | 6.6 None 27.3 
d-Arabinose......... 38.7 41.4 19.9* 
Pentose as phloroglucide . 39.5 48.3 | 30.7 
Other pentoses.............. None 7.0 | Probably none 
d-Galactose....... 12.2 1.0 3.5* 
Inosite.. amount) None ‘Small amount 
Precipitin reaction. 1:1,000,000 | 1:2,000, 000 1:500,000 
Gluccsaminet. . | None | Present 


° These values are » too low because a portion of the material was lost. 
+t Determined by the method of Palmer, Smyth, and Meyer (10). 


insignificant fraction of the non-reducing portion. The polysae- 
charides from the human and avian bound lipids contained small 
amounts of nitrogen but the nature of the nitrogen compounds 
has not been fully established. Only small amounts of glucosam- 
ine were indicated by color reactions. Further studies will be 
necessary to determine the nature of the non-reducing portion of 
the hydrolyzed polysaccharides as well as the phosphorus and 
nitrogen compounds which occur in the polysaccharides of the 
bound lipids of the human and avian tubercle bacilli. 


IV. Composition of the Filtrable Portion of the Firmly Bound Lipids 


The filtrable fraction of the lipid which had been precipitated 
from ether solution with alcohol, as described in Part I, was 4 
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white powder weighing 21.5 gm., m.p. 60-90°. A portion of this 
substance was saponified and the cleavage products were exam- 
ined. 

For saponification 10 gm. of the substance were dissolved in 100 
ee. of benzene and 30 cc. of absolute alcohol containing 2.0 gm. of 
potassium hydroxide were added. The solution was perfectly 
clear at first, but on being heated to boiling on a water bath a 
precipitate began to separate. The solution was refluxed for 6} 
hours and allowed to cool to room temperature, after which the 
supernatant was decanted. The insoluble material which con- 
sisted of water-soluble carbohydrate formed a hard crust on the 
bottom of the flask and this was rinsed several times with warm 


benzene. 


IV 
Cleavage Products on Saponification of Filtrable Lipid 
gm. 
Hydroxy fatty acids............... 6.9 69.0 
Lower fatty acids................. 0.37 3.7 
Neutral material..................| 0.82 8.2 
Crude polysaccharide.............. | 1.50 | 15.0 
Total recovered material........ | 9.59 95.9 


The alkaline benzene-alcohol solution was refluxed on a water 
bath for 15 hours, but there was no further precipitation of car- 
bohydrate. The ether-soluble constituents were isolated and 
fractionated as described for the corresponding material obtained 
from the unfiltrable lipid. The carbohydrate was isolated by 
precipitation with basic lead acetate in the usual manner. The 
products thus obtained are summarized in Table IV. 

Owing to the small amount of lower fatty acids this material 
was not further examined. 

A search was made for glycerol among the cleavage products, 
but none was found. The polysaccharide was not fully examined 
because the amount obtained was too small to permit of a complete 
analysis. It was determined, however, that the substance gave 
the same pentose color reactions as the polysaccharide isolated 
from the unfiltrable lipid. 

The Neutral Material. Isolation of d-Eicosanol-2—The neutral 
material consisted principally of d-eicosanol-2. The substance 
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was recrystallized from ethyl acetate and gave colorless prismatie 
needles which melted at 62° and gave no depression of the melting 
point when mixed with a previously isolated sample of d-eieo- 
sanol-2. 

Rotation—0.3789 gm. of substance dissolved in ether and diluted 
to 10 ce. gave, in a 1 dm. tube, a reading of +0.26°; hence [a]® = 
+6.86°. 


Analysis—C2oHw2O0(298). Calculated. C 80.53, H 14.09 
Found. ** 80.43, “ 14.49 


The Hydroxy Fatty Acids. Isolation of Avian y-Mycolic Acid— 
The hydroxy acids, as shown in Table IV, represented the chief 
constituent of the filtrable lipid. For purification the substance, 
6.9 gm., was dissolved in 150 cc. of warm ether and the solution 
was treated with norit and filtered. The colorless filtrate was con- 
centrated to about 50 cc. and mixed with an equal volume of 
acetone, whereupon a voluminous precipitate separated which 
was filtered off and washed with acetone. The substance was 
reprecipitated four times in the same manner. The product 
thus obtained, Fraction I, was a snow-white amorphous powder, 
which under the microscope appeared as fine, colorless, globular 
particles. The substance was only slightly soluble in cold ether, 
but it dissolved in warm ether. It was practically insoluble in 
cold acetone and it was more soluble in a mixture of warm ether 
and acetone than in pure ether. 

The mother liquors were concentrated to a volume of about 
50 cc. and allowed to cool. The substance that separated was 
reprecipitated from a mixture of ether and acetone and was 
obtained as a snow-white amorphous powder which was designated 
Fraction II. In solubility and properties this substance appeared 
to be identical with Fraction I. The data are summarized in 
Table V. 

Both fractions were tested for methoxyl by the Zeisel method, 
but no volatile iodide was obtained. 

The results show that the two fractions were very similar in 
properties and in composition. The substance will be designated 
by the name avian y-mycolic acid. 

The equivalent weights were determined by titration and are 
undoubtedly lower than the true molecular weight. It is very 
probable that we are dealing with a dicarboxylic acid. 
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The Methyl Esters—The methyl esters of Fractions I and II 
of the avian y-mycolic acid were prepared by treatment with 
diazomethane in ether solution. The solvent was evaporated 
and the residue was dissolved in ether and precipitated by the 
addition of acetone. Both ester fractions were obtained as white 
amorphous powders and both melted at 48-49°. The hydroxyl 
values given in Table V for the acid fractions were determined 
on the esters by the method of Stodola (11). 

Acetyl Derivative of Avian y-Mycolic Acid—A sample of the 
acid, Fraction I, 0.51 gm., was dissolved in 10 ec. of pyridine and 
2.0 ce. of acetic anhydride were added. After the solution had 
stood for 2 days at room temperature, it was poured into dilute 
hydrochloric acid. The white amorphous precipitate that sep- 
arated was filtered off, washed thoroughly with water, and dried 
in vacuo. The white powder weighed 0.53 gm. The substance 


TaBLe V 
Properties and Composition of Avian =” Mycolic Acid 
Weight M.p. [@ lo | Mol. wt. ] | I Carbon “Hydrogen 
in CHCls 
gm. » A Gan per cent per cent | per cent 


1.15 | 80.89 | 13.24 
1.23 | 79.47 | 13.39 


| 
1 | 48 | 65 | +5.3 | 
mu | 1.5 | 6 | +5.7| 648 | 9.0 


was dissolved in 20 cc. of ether and the solution was mixed with 
an equal volume of acetone. On cooling the solution in ice water, 
a white globular powder separated which was collected, washed, 
and dried. The product weighed 0.4 gm. and melted at 43-44°. 
The acetylated product was much more solubie in ether than was 
the original acid. 

Titration—0.3747 gm. of. substance dissolved in 50 ec. of ether 
required 4.26 ec. of 0.08566 N alcoholic KOH. Found, mol. wt. 


1026. 


Analysis—Found, C 80.51, H 13.34. 
V. Pyrolysis of the Hydroxy Acids of the Filtrable Portion of the 
Firmly Bound Lipids 
It appears to be a general property of the hydroxy acids isolated 


from the acid-fast bacteria to split on pyrolysis, yielding crystal- 
line fatty acids which distil off. The acids thus produced vary, 
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however, in composition and constitution with different types of 
bacteria. 

It has been found in this Laboratory that mycolic acid obtained 
from the wax of the human tubercle bacillus yields on pyrolysis 
normal hexacosanoic acid, which distils off, leaving a non-volatile 
neutral residue (4). The bovine mycolic acid behaves in a similar 
manner (12). A hydroxy acid isolated from the firmly bound 
lipids of the so called leprosy bacillus gave, on pyrolysis, a crystal- 
line acid which appeared to be a branched chain tetracosanoie 
acid, m.p. 76-77°. 

The wax isolated from the avian tubercle bacillus yielded two 
hydroxy acids (13) named avian a- and §-mycolic acid, which 
also split on pyrolysis. The avian a-mycolic acid gave a branched 
chain pentacosanoic acid, C:;H»O2, m.p. 78-79°, while the 8-my- 
colic acid gave normal tetracosanoic acid, C2sH,sO2, m.p. 83° 
(13). 

The hydroxy acid isolated in the present investigation differed 
in properties from both avian a- and 8-mycolic acids and hence we 
have named it avian y-mycolic acid, as stated in Part IV. It 
appeared of interest to determine what products this new acid 
would give on pyrolysis. 

Since the two fractions of avian y-mycolic acid were so similar 
in properties, a mixture containing 1.5 gm. of Fraction I and 0.5 
gm. of Fraction II was used in the pyrolysis experiment. The 
acid contained in a small distilling flask provided with a wide 
outlet tube was heated in an air bath at a pressure of about 0.1 
mm. At a temperature of the air bath of 270-280° there was a 
rapid distillation of a colorless oil, which immediately crystal- 
lized in the cool part of the outlet tube, and the reaction was 
completed in about 15 minutes. The crystalline distillate weighed 
0.36 gm., corresponding to 18 per cent of the hydroxy acid. 

The residue in the distilling flask was a hard, faintly yellowish, 
wax-like material, which was examined, as will be described later. 

Examination of the Distillate—The crystalline distillate was 
removed and recrystallized three times from acetone. The 
product separated in the form of branching feathery crystals 
similar to the pentacosanoic acid obtained from the avian a-my- 
colic acid. The crystals weighed 0.3 gm. and melted at 80-81°, 
solidified at 79°, and remelted at 81—82°. 
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The mother liquors were concentrated to about 5 cc. and the 
small amount of acid which separated in bundles of feathery 
erystals was collected, washed, and dried. This fraction melted 
at 80-81°, solidified at 79°, and remelted at 81-82°. 

The fact that both the first and second crop of crystals melted 
at the same temperature would indicate that the distilled acid was 
homogeneous. 

In a mixed melting point with a sample of the pentacosanoic 
acid, m.p. 78-79°, obtained from the avian a-mycolic acid, there 
was a depression of 2°. Evidently, therefore, the two acids are 
not identical. 

Titration—0.1260 gm. and 0.1312 gm. of substance dissolved 
in a mixture of benzene and neutral alcohol required 3.50 ec. and 


TaBLe VI 


Properties and Composition of Non-Volatile Fractions of 
Avian y-Mycolic Acid 


M.p.ot | "Talus of 


Iodine No. | | Carbon | Hydrogen | 

per cent percent | °C. per cent 

I 19 1385 | 82.26 | 13.21 | 48-49 | 0.93 

16 «935 | 82.50 | 13.57 | 41-44 | None 


3.65 cc. of 0.09694 N alcoholic KOH. Found, mol. wt. 371 and 
370. 


Analysis—Average of three analyses 
CxuH4s02(368). Calculated. C 78.26, H 13.04 
Found. 78.08, 13.03 


The analytical values found are in close agreement with the 
calculated composition of a tetracosanoic acid. The peculiar 
crystal form of the acid, however, would suggest that it possesses 
a branched chain structure. 

Examination of the Non-Volatile Residue—The residue in the 
distilling flask was dissolved in about 20 cc. of warm ether and as 
the solution was cooled fine globular particles separated. The 
precipitate was filtered off, washed with cold ether, and dried 
in vacuo. The product, Fraction I, was a white, voluminous, 
amorphous powder which weighed 0.87 gm. On heating in a 
capillary tube, the substance sintered at 48° and melted at 58°. 
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The filtrate from the above product was diluted with an equal 
volume of acetone and cooled in ice water. The voluminous white 
precipitate, Fraction II, which separated was collected, washed 
with acetone, and dried in vacuo. The snow-white powder 
weighed 0.67 gm. and melted at 49-50°. 

Both fractions were unsaturated and they showed acid proper. 
ties when titrated in ethereal solution with alcoholic potassium 
hydroxide. The methyl esters were prepared by means of diagzo- 
methane in ethereal solution and the hydroxy! value of the esters 
was determined by the method of Stodola (11). Fraction | 
apparently contained one hydroxy! group to one carboxyl, whereas 
Fraction II gave no hydroxyl value. Since both fractions were 
acid in reaction, they must have contained at least one carboxyl 
group. Evidently, therefore, the original y-mycolic acid must 
have contained at least two carboxyl groups. 

No claim to purity can be made for the two fractions of the non- 
volatile material, but certain analytical determinations were 
made and the results are recorded in Table VI. 


SUMMARY 


1. Avian tubercle bacilli after thorough extraction with neutral 
solvents yielded 10.8 per cent of firmly bound lipids on treatment 
with dilute hydrochloric acid and extraction with ether and 
chloroform. 

2. The firmly bound lipids were separated into filtrable and un- 
filtrable fractions by forcing a chloroform solution of the mixture 
through a Chamberland filter. 

3. The unfiltrable lipid gave on saponification 64 per cent of 
ether-soluble constituents and 31 per cent of a water-soluble 
polysaccharide. (a) The ether-soluble components consisted of 
76.2 per cent hydroxy acids of high molecular weight and un- 
known constitution, 5.6 per cent of lower fatty acids, and 15.5 
per cent of neutral material. (6) The neutral material consisted 
mainly of d-eicosanol-2, CH;(CHe);;CHOHCHs;. (c) The poly- 
saccharide gave on hydrolysis 50.1 per cent of reducing sugars 
consisting of mannose, d-arabinose, and galactose, together with 
traces of glucosamine and inosite. 

4. The solid portion of the filtrable lipid gave on saponification 
80.9 per cent of ether-soluble components and 15.0 per cent of 
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polysaccharide. (a) The ether-soluble components consisted of 
69.0 per cent of hydroxy acids, 3.7 per cent of lower fatty acids, 
and 8.2 per cent of neutral material. (b) The neutral material 
consisted mainly of d-eicosanol-2. (c) The hydroxy acid, named 
avian y-mycolic acid, was split on heating to 270-280° under 
reduced pressure, and gave a crystalline acid which distilled off, 
leaving an unsaturated non-volatile residue. (d) The acid liber- 
ated on pyrolysis corresponded in composition to a tetracosanoic 
acid, CyH,sO2, but it differed in crystal form from the ordinary 


straight chain fatty acids. 
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SODIUM AND POTASSIUM IN FROG MUSCLE* 


By H. BURR STEINBACH 
(From the Department of Zoology, Columbia University, New York) 


(Received for publication, February 16, 1940) 


The potassium content of muscle fibers depends, in part, upon 
the potassium concentration of the external medium (Fenn and 
Cobb, 1934). In tissues intact in the body, it has been shown that 
sodium enters the fibers as potassium leaves, either because of low 
potassium in the blood (Heppel, 1939, 1940) or because of activity 
or fatigue (Fenn, 1938). Such findings suggest that the normal 
accumulation of potassium is due to some type of diffusion equi- 
librium which changes as the physiological condition of the cell 
changes and which probably is influenced by several factors or 
mechanisms. If in isolated muscle such an equilibrium exists, it 
should be possible to demonstrate its presence first, by showing 
that a simple relationship exists between sodium and potassium 
in muscle fibers (the sum of the concentrations of the two elements 
should be approximately constant) and second, by the ability of 
the fibers (after they have lost potassium, because of the low 
concentration outside) to reconcentrate potassium when the 
external concentration is raised. The experiments reported here 
show that potassium loss from isolated frog muscles is reversible 
and that changes in concentration of this element in the cells are 
accompanied by compensatory changes in sodium. 


Methods 


Sartorii from common laboratory frogs (mostly Rana pipiens) 
were used in all cases. These were handled essentially as described 
by Fenn and Cobb (1934). Muscles were removed with as little 
injury as possible and soaked for varying periods of time in 50 to 
100 times their weight of solution. Two modifications of normal 
Ringer’s solution were made up. One contained, besides the usual 


* Acknowledgment is made to the Work Projects Administration of 
New York for assistance rendered under Project No. 24. 
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constituents, 0.01 n KCl (K-Ringer’s solution); the other wag | 


made up without potassium (K-free Ringer’s solution). The 
total chloride content in all cases was 0.124 Nn. 

As a rule, each muscle was analyzed for both sodium and potas. 
sium. The tissues were ashed and the residues put into ageid 
solution and made up to 5 cc. Aliquots were taken for the seps- 
rate analyses. Variations in sodium and potassium contents of 
sartorius muscles were within the ranges usually reported (seg 
Fenn (1936)). It was found impractical to determine chloride 
on the same muscle used for either sodium or potassium analysis 
and hence the figures correlating chloride space with potassium 
content were arrived at by subjecting paired muscles to exactly 
the same experimental procedure and then analyzing one for chlo- 
ride, the other for potassium and sodium. Other figures for chlo- 
ride compared with sodium and potassium are also reported; these 
were obtained by averaging four or more determinations of each 
element on muscles from different animals which were carried 
through the same experimental procedures at the same time. 

Muscles were routinely tested for irritability by single condenser 
shocks. Since no particular relationship was observed between 
loss of potassium and loss of irritability, the results will not be 
reported in detail. 

Potassium was determined by the chloroplatinate method used 
in other investigations (Steinbach, 1937). Sodium was precipi- 
tated by the method of Salit (1932)! and the rest of the determina- 
tion carried through according to the method of Ball and Sadusk 
(1936). Some difficulties were encountered with the washing of 
the uranyl zine sodium acetate precipitate, apparently owing to 
a change in the salt used to saturate the acetic acid wash fluid. 
These difficulties were overcome by saturating the wash fluid with 
freshly prepared triple acetate several hours before each day’s run. 

Chloride was determined by a method slightly modified from 
that of Patterson (Peters and Van Slyke, 1932). All methods 
were standardized against standard solutions and _ rechecked 
frequently. 


1 In accordance with Ball and Sadusk and others it was found essential 
to stir the solution rapidly during precipitation of the Na. The simplest 
and most effective way found for stirring in a 15 cc. centrifuge tube was to 
use the high frequency, low amplitude vibrations from an inexpensive 
electric shaver, transmitted through a slender glass stirring rod. 
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Results 


Fig. 1 summarizes the most important findings of these investi- 
gations. Although there is some variability, it is clear that there 
is a proportional gain of sodium as potassium is lost. The chloride 


Cl and Na in muscle. meq % 


o- 
o 
ro) 


K in muscle Meq % 


Fic. 1. Na and Cl plotted against K in muscle tissue. The concentra- 
tions are expressed in milliequivalents per 100 gm. of the final wet weight 
of the tissue. The dots represent Na and K, the crosses, Cl and K, each 
determined by analysis of one of a pair of sartorii. The crosses in circles 
represent Cl and K, each point representing average figures from four or 
more analyses of muscles from different frogs but treated in the same way 
at the same times. The figures are not corrected for extracellular space. 
The light line represents the chloride values that would be expected if all 
the potassium loss were due to increased chloride space. The points con- 
nected by the dotted lines illustrate reversal of the potassium loss and 
sodium gain (see the upper part of Table I and also the description in 
the text). 
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space measurements show that this is an exchange phenomeno, 
as long as the potassium content remains above about 3 mill. 
equivalents per cent of the final wet weight. When more potas. 
sium is lost, chloride is apt to enter along with the sodium, pre 
sumably indicating the destruction of cells and the abolition of the 
normal physiological exchange reaction. The fact that the experi- 
mental points fall fairly well along the same straight line regardless 
of chloride space changes is to be expected, since the cells ar 


TaBLe 
K and Na Exchange in Frog Muscle 


The results are given in milliequivalents per cent of the final wet weight 
of tissue. 


~ - - 


Frog 0. > Na K cl Change 
1 1 5.95 3.60 2.82 | Na —2.67, K 
2 3.28 6.05 2.94 +2.45, @ 
none 
2 1 5.35 3.75 2.97 Na —1.93, K 
2 3.42 5.30 2.78 +1.55, C 
none 
Pooled analysest 1 5.04 3.44 3.79 Na —1.00, K 
(4) (8) (8) +1.55, @ 
2 4.04 4.99 4.10 +0.31 
(4) (8) (8) 


* All muscles were soaked overnight (17 hours) in K-free Ringer’s solu- 
tion; Muscles 1 were then removed for analysis and Muscles 2 were placed 
in K-Ringer’s solution (Ringer’s fluid made up 0.01 N in potassium) for 6 
to 8 hours and then analyzed. 

t The figures in parentheses give the number of separate analyses making 
up the average figure. The figures are not corrected for extracellular space. 


immersed in isotonic NaCl solution and either an ion exchange or 
penetration of the complete salt would show about the same gain 
of sodium as potassium is lost. 

Experiments were carried out to show that the ion exchange is 
reversible. Paired muscles were soaked overnight in K-free 
Ringer’s solution. One member of each pair was then taken for 
analysis; the other muscle was transferred to K-Ringer’s solution 
for 6 to 8 hours and then analyzed. Control pairs of muscles from 
other frogs were treated the same way and analyzed for chloride, 
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The upper part of Table I gives, as representative results, such a 
series in which the chloride space showed no appreciable change. 
The same results are shown in Fig. 1 as the points connected by 
dotted lines. It is clear that a considerable part of the potas- 
sium lost to K-free Ringer’s solution is regained upon immersion 
in K-Ringer’s solution and that the sodium exchange has been 
opposite and nearly equal. 

The lower part of Table I gives average figures for all of the 
experiments carried out to test the reversibility of the potassium 
loss. These are not reported in detail, since the control analyses 
for chloride showed several cases in which the chloride space 
increased markedly and hence the figures lose their comparative 


TaB_e II 
Average K Contents of Frog Sartorii Soaked in K-F ree Ringer's Solution 


No. of analyses K in tissue 

Ars. m.eq. per cent final wet weight 
2 4 7.10 
5 2 6.65 
17 10 3.45 
18 4 3.35 
19 7 3.00 
24 4 2.73 
27 2 2.87 


validity to a certain extent. The averages, however, show the 
same general type of change, only to a less marked extent. This 
would indicate that even when some of the fibers of a muscle die, 
the surviving cells still possess the power to accumulate potassium. 
The same results also could be interpreted as showing that the 
penetration of chloride into the cells is irreversible. 

In a general way, potassium loss to K-free Ringer’s solution is a 
function of time (Table II). However, considerable variability 
was noted both with respect to the rate of potassium loss and to 
the rate at which muscle fibers died, as indicated by an increase 
in the chloride content. The cause of this variation was not ascer- 
tained, but it should be emphasized that the length of time of 
treatment of a given tissue is of little value in accurately esti- 
mating ion changes in that tissue. 
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Several experiments were carried out in which muscles were 
soaked overnight in K-Ringer’s solution. These experiments 
confirm Fenn’s results showing that muscles neither gain nor loge 
K to a Ringer’s fluid approximately 0.01 N in potassium. 


DISCUSSION 


From these results it is clear that potassium and sodium in the 
cells of isolated frog muscle are in some sort of equilibrium with the 
ions of the external medium. The experiments give no informa- 
tion about relative rates of penetration of sodium or potassium 
ions but they do rule out the possibility that a simple sieve mecha- 
nism can account for the concentration of potassium in normal 
muscle cells. It seems highly probable that some mechanism like 
that proposed by Teorell (1935) would be operative, particularly 
since potassium chloride, of all the naturally occurring electro- 
lvtes, is most nearly “indifferent.’’ Since the ionic ratios are not 
consistent with this scheme, however, there must be other impor- 
tant factors. One of these, which has received little experimental 
attention, is the possibility that the activities of the sodium and 
potassium compounds formed within the cell may be quite dif- 
ferent. If, for example, the apparent dissociation of some organic 
potassium compound within the cell was less than that of the cor- 
responding sodium compound and if the organic anion was indif- 
fusible, then the distribution ratios of total sodium and potassium 
within and without probably would be altered in the correct diree- 
tion; that is, toward a high cellular content of potassium. 

Conway and Boyle (1939) have recently published a short note 
on the mechanism of potassium accumulation. In the absence of 
a more extended presentation of their theory, it suffices to point 
out here that their final conclusion, that the potassium concen- 
tration inside the cell is equal to half the total external osmotic 
concentration, obviously does not hold for these observations. 


SUMMARY 


As potassium is soaked out of frog muscle by treatment with 
K-free Ringer’s solution, sodium enters in exchange. This e 
change is reversible as long as the muscles do not lose more than 
about half of their original potassium content and provided that 
the chloride content of the tissue remains about the same. 
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PREPARATION OF d(—)-GLUTAMIC ACID FROM dil- 
GLUTAMIC ACID BY ENZYMATIC RESOLUTION 


By JOSEPH 8S. FRUTON, GEORGE W. IRVING, Jr., ann MAX 
BERGMANN 


(From the Laboratories The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, February 29, 1940) 


It has previously been shown (1) that papain as well as other 
proteinases can perform the enzymatic synthesis of CO—NH 
linkages. Thus, in the presence of HCN-papain, carbobenzoxy- 
glycine and aniline were combined to form carbobenzoxyglycine 
anilide. When a derivative of an asymmetric amino acid was 
employed, only the derivative of the l-amino acid participated in 
the synthesis. The asymmetric course of this reaction provides 
the basis for a general method for the resolution of racemic amino 
acids. In this note the preparation of the “unnatural” d(—)-glu- 
tamic acid is described. This amino acid has been employed for 
the synthesis of peptides required in studies on the antipodal 
specificity of proteolytic enzymes of normal and pathological 
tissues. 

Carbobenzoxy-dl-glutamic acid was treated with aniline in the 
presence of papain-cysteine. The filtrate from the carboben- 
zoxy-l-glutamic acid anilide usually yielded a mixture of carboben- 
zoxy-d- and I-glutamic acids in the proportion of 4:1. On hydro- 
genation and conversion of the glutamic acids to the hydro- 
chlorides, it was possible to obtain, after a few recrystallizations 
(2), pure d(—)-glutamic acid. 

Resolutions of dl-glutamic acid have been described by Schulze 
and Bosshard (3), Fischer (4), and Ehrlich (5). Recently Ivano- 
vies and Bruckner (6) have isolated d(—)-glutamic acid from the 
capsular substance of bacteria of the mesentericus group. 


EXPERIMENTAL 


dl-Glutamic Acid Hydrochloride—This substance was prepared 
according to the method described in an earlier paper (7). 
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Carbobenzory-dl-Glutamic Acid—This compound was prepared 
as described for the | form (8). 65 gm. of dl-glutamic acid hydm 
chloride yielded 81 gm. of carbobenzoxy-dl-glutamic acid. M_p, 
119°. 

CysHyOsN. Calculated. C 55.5, H 5.4, N 5.0 


Resolution of Carbobenzory-dl-Glutamic Acid with Papain 
Cysteine—70 gm. of carbobenzoxy-dl-glutamic acid were dissolved 
in 135 ec. of 2N NaOH and added to 47 gm. of aniline. A solution 
of 3 gm. of cysteine hydrochloride in 100 cc. was added, followed 
by the enzyme solution containing 8 gm. of purified papain (9) 
in 200 ec. of water. 200 cc. of 0.2 m citrate buffer (pH 5.0) wer 
added and the reaction mixture was made up to | liter. Crystal- 
lization of the carbobenzoxy-l-glutamic acid anilide began almost 
instantly. The reaction mixture was left at 40° for 2 days. The 
crystalline precipitate was filtered off, and the filter cake re 
suspended in 600 cc. of water and refiltered. All the filtrates and 
washings were combined and the clear solution was concentrated 
to about 200 cc. Concentrated hydrochloric acid was added 
(Congo red acidity) and the resulting syrup extracted three times 
with ethyl acetate. The ethyl acetate layer was washed with 
water, dried, and concentrated to a syrup. Petroleum ether was 
added; and, after the material had stood overnight in the cold, 
the syrup crystallized. The air-dried material weighed 38 gm. 
[a]? = +4.1° (8.4 per cent in glacial acetic acid). The specifis 
rotation of carbobenzoxy-l-glutamic acid is —7.1° (8). 

d-Glutamic Acid Hydrochloride—35 gm. of the above mixture of 
carbobenzoxy-d- and /-glutamic acids were dissolved in 100 ce. of 
methyl alcohol and hydrogenated with palladium black as the 
catalyst. The hydrogenation required 8 to 10 hours and the 


glutamic acid separated out. Water was added and the catalyst | 


was filtered off and washed with hot water. The combined 
filtrates were evaporated down, yielding a crystalline residue. 
This material was dissolved in 70 cc. of 20 per cent hydrochlone 
acid, and dry HC! passed through the solution. The crystals that 
separated out on standing in the ice box were collected the next 
day and dried in vacuo over KOH. Yield, 16 gm. [a]? = —23.0° 
(3.4 per cent in 10 per cent hydrochloric acid). 
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Two .recrystallizations from 20 per cent hydrochloric acid 
raised the rotation to the correct value. Yield, 11.8 gm., or 
46 per cent of the theory (based on the quantity of di-glutamic 
acid hydrochloride employed). [a] = —32.0° (3.6 per cent in 
10 per cent hydrochloric acid). 


C;HsO,.N-HCl]. Calculated. C 32.7, H 5.5, N 7.6 
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THE INERTIA OF HIGHLY UNSATURATED FATTY ACIDS 
IN THE ANIMAL, INVESTIGATED WITH DEUTERIUM* 


By KARL BERNHARDt ann RUDOLF SCHOENHEIMER 


(From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 


(Received for publication, February 26, 1940) 


There are two general methods of investigating the ability of 
animals to synthesize fatty acids. The first of these involves 
balance studies on diets restricted with respect to fats or individual 
fatty acids. By this procedure it has been found that animals 
can synthesize all “natural” fatty acids except those containing 
two and three double bonds, such as linoleic and linolenic acids. 
As these unsaturated acids are required in the diet in small 
amounts, their function has frequently been considered to be 
similar to those of the vitamins. Their absence from the diet 
leads to a characteristic deficiency syndrome (1) and to their slow 
disappearance from the animal fat (2). 

The second method of investigation involves the use of isotopes. 
If the body fluids of animals are artificially enriched with deu- 
terium oxide, the synthesis of fatty acids from smaller units will 
necessarily result in the formation of fatty acids containing stably 
bound deuterium (not removable by treatment with aqueous acid 
or alkali). It has been found (3, 4) that the content of stably 
bound deuterium of the fatty acids of mice kept under such experi- 
mental conditions increases with time even when the animal is in 
a steady state with respect to fat content and fat composition. 
The results indicated a simultaneous and equivalent synthesis 
and destruction of fatty acids in normal animals. 

This interpretation presupposes the absence of any biological 


* This work was carried out with the aid of grants from the Rockefeller 


Foundation and the Josiah Macy, Jr., Foundation. 
t Fellow of the Rockefeller Foundation. Present address, Physicl- 


ogisch-chemisches Institut der Universitat, Zurich. 
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mechanism which permits mere physical exchange of carbop. ae 
bound hydrogen when no chemical reaction occurs. In only typ T 
cases has it as yet been found possible definitely to exclude the nm 
sI 


: occurrence of such a mechanism whereby carbon-bound hydrogen 
“pak is merely labilized. It has been found (5) that the amino aeid 
, lysine, in contrast to other amino acids, does not take up deuterium 
from the body fluids of animals given heavy water to drink, ind}. ai 


cating (a) that lysine is not formed in the animal from other sy) of 
= tee stances, and (6) that no labilization of carbon-bound hydrogen of a 
te, this substance occurs in vivo. Analogous findings were obtained ti 

eae - ey on fatty acids in the yolk of hen’s eggs' (3). 
ie ace For the investigation of unsaturated acids, we have kept mice d 
in two series of experiments on a diet so low in fat that deposition 0 


of dietary fatty acids, especially unsaturated ones, must have been b 
negligible. The deuterium content of the body fluids was raised, a 
as in earlier experiments (3-5), by giving the animals dilute heavy 0 
water to drink. The animals were kept under these conditions tl 
for 7 and 15 days, when they were killed. From the body fat, fi 
highly unsaturated fatty acids were isolated as their difficultly e 
soluble bromides. The total amounts found were low, as was to r 
be expected from the relatively long period of fat starvation, and g 
only one individual highly unsaturated fatty acid could, therefore, a 
be isolated from each sample of fat. In the first series of experi- fi 
ments, the tetrabromide of a-linoleic acid was isolated; in the a 

0 


' The statement regarding the lack of fat formation in the developing 
egg may need qualification. While no fatty acid synthesis occurs in the 
yolk, a very limited synthesis has now been observed to occur in the embryo. 
In a recent study, to be continued, we have repeated the earlier experiments 0 
(3) by injecting 0.8 ce. of D,O into a fertilized chicken egg which was then f 
incubated for 17 days. The water of the egg contained 1.62 + 0.02, the h 
fatty acids from the yolk 0.01 + 0.02, but those from the embryo 0.14+0.M 
atom per cent deuterium respectively. The negative results in the previous 
experiments are due to the fact that the embryo and yolk were worked up 
together. Since the yolk contains about 8 times as much total fatty acid 
as the embryo, the deuterium of the latter was diluted with the normal 
hydrogen of the former to a value (0.01 atom per cent) so low as to be 
within the experimental error of our method. This finding of a small 
amount of deuterium in the fatty acid of the embryo is of interest in com 
nection with the results obtained with radioactive phosphorus by Hevesy 
and Hahn (6) who found phospholipid synthesis to occur in the tissues of 
the embryo but none in the yolk. 
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second, a hexabromide melting sharply at 139-140° was obtained. 
The latter material is not identical with the insoluble hexabromide, 
m.p. 179°, of linolenic acid from linseed oil. We have not suc- 
ceeded in isolating any tetrabromides from these animals. Only a 
small quantity of linoleic acid could have been present. 

None of the samples of highly unsaturated fatty acids contained 
any deuterium above the experimental error of the analysis. On the 
other hand, the saturated acids, as well as the total unsaturated 
acids consisting mainly of oleic acid, contained considerable quan- 
tities of stably bound deuterium. 

The absence of deuterium in the highly unsaturated compounds 
definitely indicates that: (1) In contrast to stearic, palmitic, and 
oleic acids, neither of the two highly unsaturated acids had been 
biochemically synthesized from smaller units. (2) Whereas oleic 
acid and stearic acid are mutually interconvertible by a process 
of hydrogenation and dehydrogenation in the animal body (7, 8), 
the more highly unsaturated fatty acids cannot have been derived 
from stearic acid by dehydrogenation. (3) No mere physical 
exchange of carbon-bound hydrogen occurs in these highly unsatu- 
rated fatty acids, not even in the course of their esterification with 
glycerol (a reaction in which they are known to participate in the 
animal). The first two conclusions are in agreement with the 
findings of earlier investigators on the indispensability of these 
acids. The third may be taken as additional evidence in support 
of the view that no fatty acid undergoes simple exchange reactions 
in the animal. The biological introduction, in one and the same 
animal, of deuterium into some species of fatty acids but not into 
others can scarcely be explained in any other way than that the 
former have partaken in chemical reactions involving carbon- 
bound hydrogen atoms but the latter have not. 


EXPERIMENTAL 


Experiment A—Twenty male mice of 22 gm. average weight 
were placed on a diet consisting of dried whole wheat bread exhaus- 
tively extracted with ether. For drink, they were given 4 per 
cent heavy water. After 15 days they were killed. A sample of 
water distilled from the bodies contained 2.96 atom per cent. 
The total fatty acids of the bodies were isolated, and the saturated 
and unsaturated fractions were separated by the lead salt method. 
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The total fatty acids contained 0.62, the saturated fraction 0.76, 
and the unsaturated fraction 0.49 atom per cent deuteriyp 
respectively. 

Isolation of Tetrabromide of a-Linoleic Acid—To a solution of 
12.7 gm. of unsaturated fatty acids in petroleum ether (purified 
with concentrated H,SO,) was added a solution of bromine jp 
petroleum ether until a faint red color persisted. The precipitate 
formed was filtered off and extracted with petroleum ether by 
shaking for several hours in a glass-stoppered bottle. The undis 
solved material (1.98 gm.) was completely soluble in ether, chloro 
form, and hot ethanol. It was recrystallized from hot ligroin 
from which it separated in long needles of melting point 114-11 
unchanged on admixture with an authentic sample of the tetra 
bromide of a-linoleic acid prepared from poppy oil according to 
Rollett (9). 


Analysis—C,sHs:Br,O2. Calculated, Br 53.31; found, Br 53.28 


For the deuterium analysis (10), 400 mg. were burned after being 
mixed with powdered silver oxide. The resulting water contained 
only traces of bromine which were removed by treatment for | 
day with copper metal. The purified water contained 0.02 + 0.02 
atom per cent deuterium. 

Experiment B—Forty male mice of 20 to 22 gm. each were 
injected subcutaneously with 0.5 cc. of concentrated D,O in order 
to raise the deuterium content of the body fluids to about 24 
atom per cent, and were then given 4 per cent heavy water instead 
of ordinary drinking water. After 7 days they were killed and 
the internal organs (liver, spleen, lungs, kidneys, and intestinal 
tract) were removed. Samples of tissue water were distilled from 
groups of ten animals and from the combined organs of groups of 
twenty animals. The deuterium analyses of these are given 
in Table I. 

In order to prevent oxidation of the highly unsaturated fatty 
acids, each group of ten carcasses was placed in 300 cc. of a solt- 
tion containing 25 per cent of KOH, 25 per cent of methanol, and 
50 per cent of HO. These mixtures were kept for 2 days at 30, 
when all material except the skeletons was dissolved, filtered 
through glass wool, acidified with H.SO,, and four times extracted 
with pure petroleum ether. The extracts were concentrated tos 
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small volume and again treated with methanolic KOH. The 
unsaponifiable fraction was removed by exhaustive extraction 
with petroleum ether, and the fatty acids were obtained after 
acidification and extraction with petroleum ether. The total 
amount of fatty acid was determined in an aliquot and found to 
be 44.3 gm. A portion of this same aliquot was found to contain 
0.41 + 0.02 atom per cent deuterium. Another portion was 
separated into saturated and unsaturated fractions. The satu- 
rated fraction contained 0.58 + 0.02 and the unsaturated fraction 
0.34 + 0.02 atom per cent deuterium, respectively. 

Isolation of Octadecatrienoic Acid Hexabromides—To the remain- 
der of the total carcass fatty acids (30.8 gm.) in petroleum ether 
was added bromine, as described above. 3.63 gm. of crude bro- 


TaBLe 
Contents of Deuterium in Body Fluids 


| Deuterium in water 


“atom per cent "atom per cent 
I | 2.39 
| 2.31 
1 2.24 
IV | 2.26 


mides were obtained, which were shaken three times for 3 hours 
each with petroleum ether. The undissolved material was ex- 
tracted with hot benzene to separate tetra- and hexabromides 
from the insoluble octa- and decabromides. The benzene was 
evaporated in vacuo, and the crystallized residue twice recrystal- 
lized from hot ethanol. The substance melted sharply at 
139-140°. 


Analysis—C,sH3.0:Brs. Calculated, Br 63.29; found, Br 63.24 


As the amount of material was small, it was combined with a 
sample obtained from the alcoholic mother liquor, which might 
have contained some tetrabromides. The combined material 
contained 0.01 + 0.02 atom per cent deuterium. 
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SUMMARY 


1. The question of the formation of doubly and triply unsaty. 
rated fatty acids was studied with the aid of deuterium in mice 
on a fat-low diet of bread and heavy water. 

2. In agreement with earlier experiments, the saturated as wel] 
as the total unsaturated fatty acids isolated from these animals 
contained considerable amounts of stably bound deuterium, the 
saturated fraction more than the unsaturated one. 

3. The unsaturated fractions yielded a-linoleic acid as the tetra- 
bromide and a triply unsaturated acid as the hexabromide. None 
of the samples contained an amount of deuterium above the limit 
of the error of analysis. These higher unsaturated acids, in 
contrast to the other fatty acids of the same animals, had there 
fore not been biochemically synthesized, but must have been 
derived directly from the diet. 

4. The finding is new confirmation that hydrogen of —CH,, 
—CH,—, and =CH— groups in fatty acids is not exchangeable 
with the hydrogen of the water of the body fluids in which they 
are dissolved or suspended. Introduction of hydrogen from body 
fluids occurs only in the course of chemical reactions. 
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THE RATE OF FORMATION OF STEARIC AND PALMITIC 
ACIDS IN NORMAL MICE* 


By KARL BERNHARDt anp RUDOLF SCHOENHEIMER 


(From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 


(Received for publication, February 26, 1940) 


The appearance of stably bound deuterium in fatty acids of 
animals given heavy water to drink can be taken as an indicator 
of fat formation (1, 2). All fatty acids hitherto investigated, 
with the exception of the doubly and triply unsaturated acids 
(3), take part in a continuous process of synthesis and destruction. 
By determining the rate of “uptake” of deuterium into the fatty 
acids of different organs of animals on a fat-free diet, it is possible 
to obtain an indication as to the relative “activity” of various or- 
gans in regard to fatty acid formation. The faster the process of 
fat formation in a particular organ, the faster the “uptake” of 
deuterium into its fatty acids. 

Site of Fatty Acid Formation—The heavy water content of the 
body fluids of mice was artificially raised to 2.4 to 4.4 per cent by 
methods previously described. The mice were kept on a diet low 
in fat for 2, 3, 6, and 15 days respectively, when they were killed. 
Fatty acids were isolated from the fat tissues, liver, intestinal 
wall, and kidneys. Except for the material from the latter organ, 
the acids were separated into the saturated and unsaturated frac- 
tions and their deuterium content determined (Table I). 

If formation of fatty acids had occurred mainly in one organ, 
the deuterium content of its acids should be higher than in those 
of any other organ. This, however, is true only in experiments of 
short duration. If the experiments be carried out over a longer 


* This work was carried out with the aid of grants from the Rockefeller 
Foundation and the Josiah Macy, Jr., Foundation. 

t Fellow of the Rockefeller Foundation. Present address, Physiol- 
ogisch-chemisches Institut der Universitat, Zurich. 
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period, the fatty acids formed in one organ may be equally dig. 
tributed over all other organs, which then would have the same 
high deuterium content. 

In all experiments the deuterium content of the fatty acids from 
the liver was higher than in those from the other organs. The 
liver is thus the most “active” organ. As it is generally accepted 
that fats from the liver may be transported to the fat tissues and 
possibly also to other organs, we cannot exclude the possibility 
that the deutero fatty acids found in the other organs had their 
origin in the liver. Of the four organ fats investigated, the deu- 
terium content in that from the depots was lowest, while those 
from the intestinal wall and kidney were intermediate between 
liver and depot. 

Our finding is in agreement with the results of Ussing (4) who 
had given rats heavy water to drink and showed the fatty acids of 
the liver to have a deuterium content higher than that in the fat 
depot. The author also suggested that fat formation in the liver 
is more rapid than in other organs. 

Rate of Synthesis of Stearic Acid Compared with That of Palmitic 
Acid—The fats of higher mammals contain mainly palmitic, 
stearic, and oleic acids. The other acids (palmitoleic acid, highly 
unsaturated acids, etc.) occur in lower concentrations. If the 
rates of synthesis and destruction of the various fatty acids, i. 
their regeneration,' differ, they should take up deuterium (from 
D,O of the body fluids) with different rates. We have isolated 
the saturated fatty acids from the depot fats of mice, the body 
fluids of which contained 3.46 atom per cent deuterium for a 
period of only 2 days (Experiment A, Table I). The saturated 
fatty acid fraction contained 0.55 atom per cent deuterium. Pal- 
mitic and stearic acids isolated from this material by fractional 
distillation of the methyl esters (6) contained 0.56 and 0.54 atom 


1 In previous papers from this laboratory the term ‘‘turnover’’ has been 
employed for the designation of the process of simultaneous degradation 
and synthesis of organic compounds. ‘‘Turnover,’’ however, is generally 
employed for the replacement of a compound by another of the same 
species from any source, including the diet. All substances in the living 
organism are “turned over,” even inorganic ions. However, only certain 
compounds are “‘regenerated.’’ Hevesy (5) has employed the word reju- 
venation for the replacement of part of a molecule; i.e., for phosphate im 
phospholipid by other phosphates. ‘“Rejuvenation’’ is thus included im 
the concept of “regeneration.” 
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per cent respectively ; t.e., the same concentration within the error 
of the analytical procedure. Similar results had been obtained 
in earlier experiments from this laboratory (2) when mice were 
given heavy water to drink for periods of 5 and 37 days. Both 
palmitic and stearic acids isolated from the bodies of the animals 
had the same deuterium content as that of the total saturated 


Deuterium Content in Fatty Acids from Mice Given Heavy Water to Drink 


Deuterium content (atom per cent) in fatty acids of 


Eaper-|No. of | Depot | Liver Intestinal wall Kidney 
iment | ani- | in bod 
No. | mals exper- “quids. Total | Satu- | Unsat-| Satu-| Unsat- Satu-| Unsat-| 744) 

iment pir rated | urated | rated | urated rated | urated | be ‘ds 

acids acids | acids | acids | acids | acids | 

A | 20 | 2 | 3.46 | 0.36 0.55 | 0.26 | 1.35, 0.61 | 0.72) 0.35 | 0.44 
B | 10 | 3 | 4.43 | 0.64 0.98 | 0.50 | 2.06 1.49 | 1.41) 1.07 | 0.83 
C | 6 | 2.40 0.39 0.50 0.32 | 1.35 1.06 | 0.82, 0.50 0.59 
D | 2 | 15 | 2.96 | 0.62 0.76 0.49 1 41) 0.80 | 1.02, 0.57 | 0.75 


TABLe II 


Deuterium Concentration in Palmitic and Stearic Acids from Mice Given 
Heavy Water to Drink 


Deuterium content (atom per cent) in fatty 


acids 

Experiment A | Experiment 1* | Experiment 2" 
Total saturated acids............. | 0.55 0.29 | 0.58 
Palmitie acid..................... (0.56 0.30 | 0.51 
Stearic “ | 0.54 0.27 | 0.63 


by Rittenberg and Schoenheimer (2). The body water of the mice con- 
tained 1.70 and 1.62 atom per cent deuterium respectively. The former 
experiment was of 5 and the latter of 37 days duration. 


fraction from which they were secured. As the former experi- 
ments were of comparatively long duration, the fatty acids were 
isolated at a time when their deuterium content was already 
closer to the maximal deuterium content that can possibly be 
reached. The new finding taken together with the older ones 
(Table II) may be taken as indication that both acids are de- 
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stroyed and resynthesized (regenerated) at the same rate in normal 
animals. 

The fats of normal mice contain several times as much palmitic 
acid as stearic acid. The finding of equal deuterium concentration 
in both substances indicates that the same relative proportion of 
the two acids is regenerated simultaneously. At the time when 
half of all palmitic acid molecules are degraded and newly formed, 
the same has happened to half of the stearic acid molecules. 

While the deuterium content in the major components of the 
saturated fatty acid fraction is thus the same, the deuterium con- 
tent of the unsaturated fraction was always found to be lower (1, 
2). The same result was obtained in the present study. As the 
mechanism of biological fatty acid synthesis is presumably the 
same in principle for the saturated and the unsaturated acids, 
the finding of different deuterium contents was difficult to explain. 
The recent finding of the biological inertia of the doubly and 
triply unsaturated acids (3) may be responsible for this difference. 
The unsaturated fraction, in contrast to the saturated one, repre- 
sents a mixture of inert fatty acids (not regenerated and therefore 
not containing deuterium) with others that are regenerated. 

Rate of Fatty Acid Formation in Liver—-In the previous experi- 
ments of this laboratory (2), the rate of ‘‘regeneration’’ of fatty 
acids of total mice has been studied by measuring during periods 
up to 96 days the introduction of deuterium from the D,O of the 
body fluids. The maximum deuterium concentration obtained 
in the saturated fraction was about half of that in the body 
fluids in which the fatty acids must have been formed. From the 
shape of the curve it was calculated that the average half life 
time? of the fatty acids in mice kept on diets low in fat was about 
5 to 9 days. 


2 It would be a mistake to determine the complete replacement of moie- 
cules by newly formed ones; i.e., the time necessary for total regeneration. 
Reactions of such kind follow exponential curves and the time required for 
complete regeneration is infinite. The values found for total replacement 
are mainly a measure of the experimental error (physiological variation, 
analytical error, etc.). The results of Rittenberg and Schoenheimer (2) 
on the rapid regeneration of fatty acids have been questioned by Kohl (7) 
who has determined the time of complete disappearance of an unnatural 
fatty acid (elaidic acid) from the depot of rats after they were overfed with 
elaidin. He claims the turnover of fats to be much slower than found in 
this laboratory. The disappearance of elaidic acid from the fats of animals 
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As the rate of fatty acid regeneration in the liver is much faster 
than in the fat tissue, the maximum deuterium concentration 
(i.e., half of that in the body fluids) in the saturated fatty acids of 
the liver is attained much earlier (Table III). The process of 
fatty acid regeneration in the liver is so rapid that we have not 
been able to determine its half time value. In order to establish 
it, it will be necessary to determine the time when the saturated 
fatty acids have acquired half their maximum deuterium content; 
i.e., 25 per cent of the deuterium concentration in the body fluids. 
In our shortest experiment, of 2 days duration, the value found 
(38 per cent) was higher. Considerably more than half of the 
saturated fatty acids was regenerated within 2 days. The finding 


III 


Deuterium Content in Saturated Fatty Acids of Livers Relative to That in 
Body Water 


_ Deuterium content in satu- 


| 
Experi t Duration of iment rated acids of livers relative 
to that in body water* 


days 
A | 2 38 
B 3 44 
Cc 6 56 
D 15 47 


__Atom por cont deuteriom in acids 


Atom per cent deuterium in body water 


indicates that the half life of the average saturated fatty acid molecule 
in the liver is very short, probably about 1 day. 

The present experiment confirms the earlier findings that during 
biological fat synthesis the fatty acids acquire a concentration of 
deuterium about half that in the water of the body fluids in which 
they are formed. A process of biological fatty acid synthesis 
must be formulated, in which about 1 out of every 2 hydrogen 
atoms in the resulting acid is derived from the aqueous medium, 


is an irreversible process, certainly different from that of regeneration of 
physiological molecules followed with deuterium. It is, however, interest- 
ing that, on the basis of Kohl’s curve, the disappearance of elaidic acid is 
exactly the same as that of the true regeneration of depot fats, both having 
a half period of about 8 days. 
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while the other half had stayed attached to the carbon chain of the 
small molecules during their condensation. It is not yet possible 
on the basis of the isotope experiments to establish the mode of 
reaction with certainty. All schemes proposed for biological 
fatty acid synthesis postulate aldol condensations and Cannizzaro 
reactions as intermediate steps. Bonhoeffer and collaborators 
(8, 9) have shown that these two reactions, when carried out ing 
medium of heavy water, do not lead to the introduction of stably 
bound deuterium into the resulting compounds. These findings 
may explain why such a large proportion of hydrogen in the newly 
formed fatty acid is normal hydrogen, derived from that of the 
small molecules which were condensed. The deuterium found 
in the end-product (fatty acid) may have been introduced in those 
steps which involved reductions. 


EXPERIMENTAL 


Feeding Experiments—Male mice of 20 to 22 gm. weight were 
used for the experiment. Before injection or feeding of heavy 
water they were kept on their experimental diet for 24 to 48 hours, 
They obtained food and water ad libitum. All diets were low in 
fats and high in carbohydrate. The animals of Experiments A, 
B, and D obtained dried, ground white wheat bread, exhaustively 
extracted with ether. The animals of Experiment C obtained a 
mixture of sucrose 76 per cent, agar 15 per cent, extracted meat 
powder 5 per cent, salt mixture (10) 4 per cent, and vitamins A, 
D, and B. Only the animals of Experiments A and B, both of 
which were of very short duration, obtained an injection of 0.5 
ec. of concentrated D,O prior to the feeding of dilute heavy water, 
in order to raise the deuterium content of the body fluids im- 
mediately to the desired level. The animals of Experiments C 
and D were not injected, and the deuterium of the body fluids 
thus rose from zero to the end-value during the experimental 
period. 

Distillation of Body Fluids and Isolation of Total Fatty Acids— 
The mice were killed with ether. Five animals of each experi- 
ment were assembled and samples of water were distilled off for 
deuterium analysis. The values found for each group were prac 
tically the same in each experiment, indicating a good reproduc 
bility of the experimental conditions (Table IV). 
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The livers, intestinal tracts, and kidneys were removed and 
worked up separately from the rest of the body. The isolation of 
fatty acids and the separation of saturated and unsaturated frac- 
tions were carried out as described before. The results of the 
deuterium analysis (11) are given in Table I. 

Isolation of Stearic Acid and Palmitic Acid—5.76 gm. of fatty 
acids from the saturated fraction of Experiment A were converted 
into the methyl esters and fractionated in the apparatus de- 
seribed before (6). Of the ten fractions obtained, Fractions 4 and 
5, melting at 29.5-30.0°, were combined (1.1 gm.), saponified, 
and twice crystallized from dilute acetone. Palmitic acid, melting 
at 61.2-62.0°, was obtained. Fraction 9, 0.66 gm. (m.p. 25-27°), 
and Fraction 10, 0.22 gm. (m.p. 34°), were combined and separated 


TaBLe IV 
Deuterium Content of Body Water of Mice Given Heavy Water to Drink 
Groups of five animals were pooled for each water analysis. 


Deuterium in organ water (atom per cent) 


roup | Greup | Group | Gr ‘Group IV. 


atom per cent 
A | 6.75 | 3.68 3.50 | 3.22 3.46 
B 6.75 | 4.21 4.87 | 4.32 
C 4.0 2.53 | 2.27 | 
D 4.0 | 2.91 | 3.00 | 2.95 | 2.98 


by redistillation into five fractions. Fraction 3, 0.384 gm. (m.p. 
36.5-37°), and Fraction 4, 0.102 gm. (m.p. 37°), of this distillation 
were combined, saponified, and the acid twice recrystallized from 
dilute acetone. The stearic acid obtained melted at 67-68°. 
No depression of melting point was observed on admixture with 
authentic stearic acid. 


SUMMARY 


1. The deuterium content of the body water of mice was raised 
by giving the animals dilute heavy water to drink. The animals 
were kept on diets low in fat. Saturated and unsaturated fatty 
acids were isolated from different organs and their deuterium con- 
tent determined. 

2. The deuterium content of the fatty acids of the liver was 
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always considerably higher than that of the acids of other organs. 
indicating a rapid regeneration of fatty acids in this organ. Half 
of the saturated acids are regenerated in about 1 day. 

3. In confirmation of earlier results from this laboratory, satu- 
rated fatty acids during synthesis in mice acquire a concentration 
of deuterium half that of the body fluids in which they were 
formed. The result suggests that during synthesis about 1 out 
of every 2 stable hydrogen atoms is derived from the water. 

4. Stearic acid and palmitic acid were isolated from the depot 
fat of mice that had been given heavy water for only 2 days. The 
deuterium contents of the two acids was the same as that of the 
total saturated acid. The finding indicates that both acids, de 
spite their different abundance in the fat, are regenerated at the 
same rate. 
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THE CONSTITUTION OF VITAMIN K:* 
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EDWARD A. DOISY 


(From the Laboratory of Biological Chemistry, St. Louis University 
School of Medicine, St. Louis) 


(Received for publication, March 1, 1940) 


The isolation of vitamin K, as a yellow crystalline compound 
melting at 53.5-54.5° has recently been reported from this labora- 
tory (McKee, Binkley, MacCorquodale, Thayer, and Doisy, 1939; 
McKee, Binkley, Thayer, MacCorquodale, and Doisy, 1939). 
From the analytical data it was impossible to decide definitely 
on a formula for vitamin Ky. The formula CyoHs<O2 was used 
for all calculations, although C3sHs5002, CssHs2O2, and 
CwHss0. agree with the analytical data equally well. In this 
paper we shall present evidence to show that the correct empirical 
formula is C4,HsO2 and on the basis of degradation studies propose 
a structural formula. 

Upon catalytic hydrogenation the vitamin absorbed 9 moles 
of hydrogen to produce a colorless compound which on exposure 
to the air was oxidized to a yellow compound. This yellow com- 
pound absorbed 1 mole of hydrogen to give a colorless solution 
which on oxidation with air returned to the original yellow color. 
This behavior on hydrogenation as well as its instability toward 
light and alkali indicated that the vitamin is a quinone. The 
yellow color of the vitamin is characteristic of 1 ,4-quinones. 
Further evidence for the quinone structure of the vitamin was 
obtained by preparation of the white crystalline diacetate of 
dihydrovitamin K; (Binkley, MacCorquodale, Cheney, Thayer, 
McKee, and Doisy, 1939). Catalytic hydrogenation of this 
diacetate caused an uptake of 8 moles of hydrogen. The addition 
of 12 atoms of bromine by the diacetate of dihydrovitamin K, 


, *The material in this paper was presented before the Eighth Na- 
tional Organic Chemistry Symposium at St. Louis, December 29, 1939. 
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he indicated the presence of six double bonds in the side chains ¢ it 
the molecule. it 

The ultraviolet absorption curves (Ewing, Vandenbelt, and Oo 
Kamm, 1939) for vitamins K,; and K: and for 2,3-dimethyl-1,4 n 
a naphthoquinone show a striking similarity; likewise, the curve a 
‘Se: for the diacetates of the respective hydroquinones show lose 

roe agreement. This evidence not only supports the conclusion that 

ea the vitamin is a 1 ,4-quinone but, together with the hydrogenation 

ae oo data, indicates that the vitamin is a 1,4-naphthoquinone. Sing. 

om under the conditions of reduction 3 moles of hydrogen are used 

to form a tetrahydronaphthohydroquinone there must be six 

double bonds in the side chains. This is in agreement with 
bromine addition by the diacetate of dihydrovitamin Ke. 

Vitamin K, does not respond to Craven’s color test (Craven, 
1931). 1,4-Naphthoquinones substituted in the 2 position give 
a deep blue color with ammoniacal alcoholic ethyl cyanoacetate, 
while 2,3-disubstituted derivatives give no color change. From 
this it was concluded that vitamin K, was a 2,3-disubstituted 
1,4-naphthoquinone with six double bonds in the side chains. 
Since vitamin K, possessed no substituents in the benzenoid ring, 
it seemed unlikely that vitamin K: would be substituted in the 
benzene ring. 

The degradation of the vitamin by chromic acid oxidations as 
used successfully for the breakdown of vitamin K; (MacCorquo- 
dale, Cheney, Binkley, Holcomb, McKee, Thayer, and Doisy, 
1939) gave only oils from which no crystalline products could 
be separated. Oxidation of the vitamin with KMnQ, resulted 
in the formation of phthalic acid which showed that the benzenoid 
ring was unsubstituted. However, no intermediate products could 
be isolated by this method. Several attempts were made to 
prepare glycols by the addition of hydroxyl] groups to the double 
bonds in the hope that these glycols could then be cleaved by lead 
tetraacetate. However, dilute KMnO,, OsO,, and 
gave mixtures from which no pure products could be isolated. 

In the study of the structure of vitamin K, it was found that 
ozonolysis of the diacetate of dihydrovitamin K, in glacial acetie 
acid followed by decomposition of the ozonide with water gave 
an excellent yield of 2,6,10-trimethylpentadecanone-14 but the 
quinone portion of the molecule was attacked so extensively that 
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it could not be isolated. Subsequently, in a model experiment 
it was found that the ozonide could be decomposed by the addition 
of ether and zinc to give an excellent yield of 1,4-diacetoxy-2- 
methylnaphthalene-3-acetaldehyde melting at 115° (I). It formed 
a semicarbazone melting at 206°. 

When vitamin K, was treated in glacial acetic acid with ozone 
and the ozonide decomposed with zinc in ether, a good yield of 
1 ,4-diacetoxy-2-methylnaphthalene-3-acetaldehyde was obtained 
in the ether-soluble, water-insoluble fraction. It melted at 115° 
and gave a semicarbazone melting at 206°. Mixed melting 
points showed that this aldehyde was identical with the aldehyde 
obtained from vitamin K;. The isolation of this aldehyde demon- 
strates conclusively thai vitamin Kg is a 2-methyl-1 ,4-naphtho- 
quinone. 

From the water-soluble products of the ozonization reaction 
levulinaldehyde was isolated as the _bis-2,4-dinitrophenyl- 
hydrazone (Strain, 1933). Of significance in this case is the 
yield of levulinaldehyde obtained. On the assumption that 5 
moles of levulinaldehyde would originate from 1 mole of vitamin 
Kz a yield of 93 per cent was obtained. As a control experiment 
farnesol ozonized under the same conditions gave a 75 per cent 
yield of levulinaldehyde. 

The third compound isolated from the ozonization reaction 
was acetone which was identified as the 2,4-dinitrophenylhy- 
drazone and by iodometric titration. 

Since the fragments isolated give a total of 41 carbon atoms, 
CyHO: is proposed as the correct empirical formula of vitamin 
Ky. The most probable arrangement of the fragments that 
make up the side chain in the 3 position is for six isoprene units 
to be hooked head to tail with a double bond at each carbon atom 
to which the methyl group is attached, as is the case with far- 
nesol. This side chain may be considered as two farnesy] radicals 
fastened head to tail. The proposed structure is best expressed 
by Structural Formula II. 

The discovery that vitamin K, is also a derivative of 2-methyl- 
1,4-naphthoquinone is of considerable interest. The most potent 
antihemorrhagic compound known is 2-methyl-1,4-naphtho- 
quinone. Closely related substances which are also very potent, 
such as 2-methyl-1,4-naphthohydroquinone and 4-amino-2- 
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methyl-l-naphthol, are similar in structure and probably ap 
readily convertible in the organism to 2-methyl-1 ,4-naphtho 
quinone. Substitution in the 3 position with another methyl 
radical diminishes the potency a great deal; in fact, 2 ,3-dimethyj. 
1 ,4-naphthoquinone is less active than vitamin Kg (side chajp 
of 30 carbon atoms in the 3 position), which in turn is exceeded 


I. 1,4-Diacetoxy-2-methylnaphthalene-3-acetaldehyde 


| —CHs 


| | 


| | | 
CH; CH; CH; 


O 


| 


| 
CH; CH; CH; 


II. Vitamin K; (proposed structure) 


in potency by vitamin K, which has the phytyl radical (20 C) 
in the 3 position. 


EXPERIMENTAL 


Identification of Phthalic Acid—650 mg. of the diacetate of di- 
hydrovitamin K; and 3 gm. of powdered KMnQ, were dissolved 
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in 25 ec. of acetone and the solution refluxed for 4 hours. The 
precipitated MnO, was filtered off and washed with a small amount 
of acetone. The MnO, was washed thoroughly with 150 cc. of 
boiling water and the aqueous washing kept separate from the 
acetone filtrate. The water washings were acidified to Congo 
red paper and extracted three times with an equal volume of 
ether. The combined ether extracts were washed twice with a 
small volume of water and the ether layer evaporated to dryness, 
leaving 30 mg. of acids. After standing a few hours the product 
became filled with white needles. The crystals were carefully 
washed with a few cc. of cold chloroform and then sublimed. 
The sublimate consisted of long needles, characteristic of phthalic 
anhydride, melting at 130-131°. Mixed with an authentic sample 
of phthalic anhydride melting at 130-131°, the crystals melted 
at 130-131°. 


Cs3H,O;. Calculated, C 64.87, H 2.72; found, C 64.68, H 2.77 


Ozonolysis of Diacetate of Dihydrovitamin K,—200 mg. of the 
diacetate of dihydrovitamin K, were dissolved in 10 cc. of glacial 
acetic acid and a stream of ozone passed into the solution until 
no more was absorbed. The solution was diluted with 50 cc. of 
ether and 0.5 gm. of zine dust was added in small portions with 
shaking. After 1 hour the mixture was filtered and the ether 
filtrate extracted twice with an equal volume of water. The 
ether was then extracted with sodium bicarbonate solution and 
finally with water. The ether was then evaporated to dryness, 
leaving a colorless oil which on cooling became white with the 
formation of crystals. The product was washed with 4 cc. of 
cold petroleum ether and the crystalline residue crystallized 
twice from ether at —30° to yield 34.7 mg. of white crystals 
melting at 115-115.5°. 


Ci7Hi60;. Calculated. C 67.99, H 5.37 
Found. ** 67.96, 68.20, “* 5.42, 5.51 


The material from the mother liquors of the final crystalliza- 
tion (35 mg.) was dissolved in 5 cc. of ethyl alcohol; 35 mg. of 
semicarbazide hydrochloride and 40 mg. of sodium acetate crystals 
were added. 3 drops of water were added and the solution warmed 
in a water bath for 10 minutes and left overnight. On dilution 
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with water and cooling a gummy precipitate formed. Afte 
crystallization first from methyl alcohol and then from ethy} 
alcohol 21 mg. of a semicarbazone melting at 206-206.5° wer 
obtained. 


CisHigOsN;. Calculated. C 60.49, H 5.35, N 11.76 
Found. ** 60.64, 60.49, ‘* 5.26, 5.46, “ 11.72 


Ozonolysis of Farnesol—290 mg. of farnesol were ozonized and 
the ozonide decomposed by the same method as was used for 
the diacetate of dihydrovitamin K,. After the zinc was filtered 
off, the ether was removed by distillation. The residue was 
treated with an excess of 2,4-dinitrophenylhydrazine dissolved 
in 6 N sulfuric acid. After 2 hours the orange precipitate was 
filtered off, washed with 6 N H,SO,, and then with methy! alcohol, 
The dried crude levulinaldehyde bis-2 ,4-dinitrophenylhydrazone 
weighed 800 mg., a yield of 75 per cent.'' After crystallization 
from a large volume of ethyl alcohol and twice from nitrobenzene 
it melted at 230—232°. 

Ozonolysis of Vitamin Kz. Isolation of 1 ,4-Diacetoxy-2-Methyl- 
naphthalene-3-A cetaldehyde—866 mg. of the diacetate of dihydro- 
vitamin Ky were dissolved in 20 cc. of glacial acetic acid and 
ozone passed into the solution until no more was absorbed. The 
reaction mixture was diluted with 100 cc. of ether and 4 gm. of 
zine dust added in small quantities with shaking over a period of 
about 1 hour. After the mixture had stood for 4 hours, the zine 
was filtered off and the filtrate distilled at 100° to remove the 
ether and others volatile substances. The residue was diluted 
with 2 volumes of water and extracted with ether. The ether 
extract was thoroughly extracted with water, and the water 
washings combined with the original water layer (volume 235 ce.). 

The ether was distilled to dryness to give 433 mg. of an oily 
product which crystallized on cooling. After two crystalliza- 
tions from ether the crystals melted at 115°. When the product 
was mixed with 1 ,4-diacetoxy-2-methylnaphthalene-3-acetalde- 
hyde obtained from vitamin K,, it melted at 115-115.5°. 


Cy7HysO5. Calculated. C 67.99, H 5.37 
Found. ** 67.82, 67.92, ‘* 5.42, 5.55 


! The low yield obtained was probably due to impurities contained in 
the farnesol. 
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A semicarbazone melting at 206° was prepared according to 
the same procedure as was previously employed with the aromatic 
aldehyde from vitamin K;. When mixed with the semicarbazone 
of obtained 
from vitamin Ky, it melted at 206°. 


CisHis0sNs. Calculated. C 60.49, H 5.35, N 11.76 
: Found. ** 60.39, 60.30, ‘ 5.35, 5.53, “ 11.84, 11.76 


A solution of 80 mg. of the aldehyde in 20 ce. of glacial acetic 
acid was mixed with 5 cc. of 80 per cent glacial acetic acid con- 
taining 20 mg. of CrO;. After standing at room temperature 
for 1 hour the solution was warmed at 60° for 30 minutes. The 
reaction mixture was diluted with water and extracted with 
ether. The ether extract was washed with water and then ex- 
tracted with NaHCO; solution. The NaHCO, extracts were 
acidified to Congo red paper and extracted thoroughly with ether. 
After being washed with water, the ether was evaporated to 
dryness. The residue was taken up in 10 ce. of methyl alcohol, 
treated with norit, filtered, and evaporated to 3 cc. 3 cc. of 
water were added and the solution allowed to crystallize at —5°. 
Two more crystallizations from 50 per cent methanol gave a white 
crystalline product melting at 208-209° and when mixed with 
1,4-diacetoxy-2-methylnaphthalene-3-acetic acid melting at 209- 
210°, it melted at 209-210°. 


CisHi 0s. Calculated. C 64.55, H 5.10 
Found. * 64.38, 64.40, “ 5.07, 5.17 


Isolation of Levulinaldehyde—5 ce. of the water extracts (total 
volume 235 cc.) were added to 30 cc. of 6 N H,SO, in which 100 mg. 
of 2,4-dinitrophenylhydrazine had been dissolved and the solution 
allowed to stand overnight at room temperature. The pre- 
cipitated hydrazone was filtered off, washed with acetic acid, 
and then ether. The product was dried in a vacuum desiccator, 
weight 59.2 mg., m.p. 218-220°. This represents a 93 per cent 
yield based on the assumption that 1 molecule of the vitamin 
would give 5 molecules of levulinaldehyde. After one crystalliza- 
tion from nitrobenzene the product melted at 230-232°. Strain 
(1933) reports a melting point of 235° (corrected) for the bis-2,4- 
dinitrophenylhydrazone of levulinaldehyde. Mixed with the bis- 
2,4-dinitrophenylhydrazone obtained from farnesol which melted 
at 230-232°, the product melted at 230-232°. 
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ss. Caleulated. Cc 44.37, H 3.48, N 24.33 
Found. ** 44.23, 44.65, 3.56, 3.59, 24.35 


Isolation of Acetone—In order to isolate the acetone 726 mg. ¢ 
the diacetate of dihydrovitamin K, were ozonized and the ozonide 
decomposed with zinc. The zinc was filtered off at —5° and the 
ether distilled into 25 cc. of 10 per cent NaHSO;. The ether layer 
from the distillate was separated and extracted twice with 25 ce, of 
10 per cent NaHSO;. The combined NaHSO; extracts were treated 
with 6 gm. of KOH dissolved in 20 cc. of water and the solution 
distilled, about 60 cc. being collected in the distillate. The dis 
tillate was diluted to 100 cc. 10 cc. of this solution were added 
to 20 cc. of 6 N H,SO, containing 50 mg. of 2,4-dinitrophenyl. 
hydrazine. After standing 4 hours, the yellow precipitate was 
filtered off and washed with dilute H,SO, and water. After 
drying in a vacuum desiccator it weighed 15 mg., m.p. 119-120*. 
If 1 mole of acetone originates from 1 mole of the vitamin, this 
represents a 59 per cent yield. After one crystallization from 
alcohol the derivative melted at 122-123°. When mixed with an 
authentic specimen of acetone 2,4-dinitrophenylhydrazone melt- 
ing at 124-125°, it melted at 123-124°. 


CsHwO.N,y. Calculated. C 45.38, H 4.23, N 23.51 
Found. ** 45.26, 45.30, 4.38, 4.33, 23.79 


Iodometric titration of the solution with 5 cc. aliquots by the 
method of Hubbard (1920) showed that the total acetone present 
was 33.3 mg. or a yield of 53 per cent. 

A fuchsin aldehyde test on the solution was negative. 


SUMMARY 


Vitamin K; was found to be a 2,3-disubstituted 1 ,4-naphthe 
quinone with the substituent in the 2 position being a methyl 
group. Oxidation of the diacetate of dihydrovitamin K, with 
KMnQ, gave phthalic acid, showing the absence of substituents 
in the benzenoid ring. Treatment of the diacetate of dihydre 
vitamin K; with ozone and decomposition of the ozonide with 
zinc in ether gave 1,4-diacetoxy-2-methylnaphthalene-3-acetal 
dehyde which was identical with the aldehyde isolated from 
vitamin K, by the same procedure. The yields of acetone and 
of levulinaldehyde indicated that 1 and 5 moles, respectively, 
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were produced by the ozonization of 1 mole of diacetyl dihydro- 
vitamin Ke. CaHs0+ is proposed as the correct empirical formula 
for vitamin Kz and on the basis of degradation products a struc- 


tural formula is proposed. 


The authors wish to express their appreciation to Dr. C. N. 
Jordan for the loan of the ozonizing apparatus and to acknowledge 
financial assistance from the Theelin Fund administered by the 
Committee on Grants for Research of St. Louis University. 
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A RAPID METHOD FOR THE SEPARATION OF SERUM 
ALBUMIN AND GLOBULIN 


By GEORGE R. KINGSLEY 


(From the Division of Biochemistry, Laboratories, Philadelphia General 
Hospital, Philadelphia) 


(Received for publication, February 17, 1940) 


Many attempts have been made to shorten and improve the 
Howe (1) method for separation of serum globulin from albumin. 
Howe (2) and Goettsch and Kendall (3) found that errors were 
caused by the adsorption of albumin by filter paper. These errors 
were shown by Robinson, Price, and Hogden (4) to vary with the 
amounts of solution filtered and the kind and size of filter paper 
used. The loss was greatest in the first portions of the filtrate 
and it was recommended that these be discarded. Harris (5) 
evaluated statistically the loss of albumin due to adsorption by 
filter paper and found it to be 0.05 gm. per cent. To avoid loss 
of time and errors of filtration, Robinson, Price, and Hogden (6) 
employed the angle centrifuge to separate the globulin precipitate. 
They found that globulin precipitated by 1.5 m sodium sulfate 
solution could be separated quantitatively after standing 4 or 
more hours by centrifuging at 4200 r.p.m. for 1 hour. These 
authors (7) also showed that globulin could be salted-out at 25° 
as well as at 38°. 

Because of the limitations of existing methods, especially when 
large numbers of determinations are made, a further simplification 
of the procedure for globulin precipitation was made. The modi- 
fied method is based on the use of ether to decrease the density of 
globulin precipitated by sodium sulfate. After ether extraction 
and brief centrifugation, globulin separates in a compact layer at 
the bottom of the ether phase above the sodium sulfate solution. 
No preliminary period of standing is required. 


Method 


Add 0.5 ce. of serum to 7.5 cc. of 23 per cent sodium sulfate 
m a test-tube (15 cc. capacity and at least 15 mm. diameter), 
731 
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732 Serum Albumin and Globulin Separation 
TABLE I 5 
Determinations of Serum Albumin by New Centrifugation Technique th 
Compared with Two Methods of Filtration. Evaluation by 

Biuret and Kjeldahl Methods . 
The values, given in per cent, represent single determinations, r 
Filtra | § 

j Biuret dahl Biuret | Kjeldahl Biuret 
(1) (2) (3) (4) (5) (6) V 
5.4 5.1 5.2 5.1 5.2 5.0 d 
4.5 4.7 4.6 4.5 4.9 4.7 . 
4.4 4.6 4.5 4.9 4.8 47 d 
4.4 4.4 4.2 4.4 4.1 4.5 I 
4.3 4.5 4.7 4.7 4.7 4.4 i 
4.1 4.1 4.4 4.4 4.3 4.5 t 

3.9 3.8 3.8 4.1 4.0 4.0 

3.9 3.5 3.8 3.7 4.0 3.8 
3.8 3.7 3.9 3.7 4.0 3.7 I 
3.8 3.7 4.0 7° 1 ae 3.7 
3.8 | 3.7 3.8 
3.8* 3.8 3.8 3.8 

3.7 3.8 4.0 3.8 3.8 3.8 
3.6 3.7 3.6 3.7 3.3 3.7 
3.6 3.2 3.6 3.5 3.3 3.4 
3.5 3.7 4.0 4.1 3.9 4.0 ( 
3.3 3.6 3.9 3.3 3.6 3.6 ( 
3.2 3.0 3.1 3.2 3.3 ye 
2.9 3.1 3.1 3.3 3.2 3.6 

2.5* 2.5 2.7 2.6 2.7 2.6 
2.4 2.4 2.4 2.3 2.5 2.3 
2.5° 2.3 2.4 2.3 2.4 2.3 1 
2.3 1.9 2.1 2.3 2.3 2.1 
1.9 2.3 2.3 2.3 2.5 2.3 
1.6* 2.0 1.9 2.0 1.9 2.0 ' 
Average. .3.48 3.48 3.59 3.56 3.60 3.57 i 
Standard error of difference between averages of | 
Columns 3 and 5 and 4 and 6.................... +0.246 | +0.249 | 


* Lactescent. 


and mix thoroughly by inverting. Add about 3 cc. of ether | 
(u.s.p. quality is satisfactory), and shake vigorously for 20 
30 seconds. Cap the tube toavoid loss of the etherand centrifuge 
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5 to 10 minutes at about 2200 r.p.m. After centrifugation, slant 
we the tube so that the tightly packed globulin precipitate floating 
on the sodium sulfate solution separates from the walls of the 
tube. Insert a pipette through the ether layer preferably along 
the lower wall, and withdraw the desired volume of the centrifu- 
gate for albumin determination. For analysis by the author’s. 
colorimetric biuret method (8), use a 2 cc. sample. If a greater 
volume is desired, as for example 10 cc. for a macro-Kjeldahl 
determination, 1 cc. of serum may be used with proportionately 
increased amounts of reagents in a test-tube 17 to 20 mm. in 
diameter. Total globulin values are calculated by the difference 
between serum total protein and albumin. If the sodium sulfate 
is stored at 37.5°, no difficulty is encountered with crystal forma- 
tion at room temperatures above 21°. 

Comparison with Other Procedures—Filtrates of serum were pre- 
pared by precipitating globulin at 37.5° from 1 ec. of serum with 
15 ce. of 23 per cent sodium sulfate solution and after standing 
overnight were filtered at 37.5° through one sheet of 11 em. 
Schleicher and Schill No. 602eh paper. Filtrates were also 
prepared by the technique of Harris (5). Centrifugates were 
prepared from the same samples of serum by the new method 
described. The protein of the filtrates and centrifugates was 
determined both by the macro-Kjeldahl and the biuret methods. 
The data in Table I show that the albumin values of centrifugates 
agreed well with those of filtrates prepared bv the technique of 
Harris, while the albumin in filtrates prepared by the Howe tech- 
nique was 0.09 and 0.12 gm. per cent lower. This loss is in 
harmony with the 0.05 gm. per cent loss by adsorption on one 
7.0 em. sheet of Whatman No. 50 filter paper reported by Harris. 
The standard error of the difference between the means of the fy 
albumin of centrifugates and of filtrates prepared by the Harris 5 
method was not significant. The standard error of measurement 7 
(S.E.m = +/Zd?/2n) of the difference of single Kjeldahl and biuret } 
- determinations in each group was +0.128 for filtrates, +0.107 4 
for centrifugates, and +0.111 for Harris filtrates (9). ; 


DISCUSSION 


| In a preliminary investigation it was found that a quantitative ; 
| Separation of globulin was effected by mixing 0.5 cc. of serum with q 
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6.5 cc. of 27 per cent sodium sulfate and immediately adding | ¢& 
of 15 per cent barium chloride and again mixing. The suspendej 
precipitate of barium sulfate and globulin was separated by cep. 
trifugation or by gravity on standing 2 to 4 hours at 37.5°. Ug. 
ally either procedure gave a clear supernatant solution. However, 
this method could not be applied to sera generally because , 
colloidal suspension formed in the presence of an abnormal amount 
of lipid. Formation of such suspensions could be prevented by 
extraction of the mixture with ether. It was discovered subge 


quently that when ether was used barium sulfate was no longer | 


necessary for the rapid separation of the globulin precipitate 

The following experiment offers a possible explanation of the 
action of ether in accelerating the separation of globulin by sodium 
sulfate. Globulin was salted-out from 1 cc. of serum by addition 
of sodium sulfate and after shaking with ether was separated 
by centrifugation. The precipitate was redissolved in 1 ce. of 
3 per cent sodium chloride and evacuated until no odor of ether 
remained. Centrifugation after addition of sodium sulfate caused 
no separation of the suspended globulin. However, centrifugation 
after the addition of ether gave a sharp separation. Whena 
heavier solvent such as carbon tetrachloride was used instead of 
ether, the globulin separated between the two liquid phases 
beneath the sodium sulfate solution. Thus the globulin o 
globulin-lipid complex adsorbed enough of the lipid solvent to 
change its density sufficiently for separation by centrifugation. 
However, carbon tetrachloride and many other fat solvents, such 
as carbon disulfide, xylene, bromobenzene, 1 ,2,4-trichloroben- 
zene, dichloroethylene, tetrachloroethane, and benzene, could not 
be used in the place of ether because the separation of globulin 
was not complete or a portion of the albumin was precipitated 
However, globulin entered and was retained within the above 
solvents regardless of their density. 

Aside from accelerating the separation of globulin, ether did 
not appear to modify the action of sodium sulfate. Close agree 
ment between centrifugates and Harris filtrates indicated that 
albumin was not altered. Globulin likewise could not have been 
altered greatly, since it redissolved in saline as shown above. 

No difficulties were encountered in obtaining clear centrifugates. 
The data presented in Table I represent the albumin concentt- 
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tions of many types of pathological sera, including several speci- 
mens from patients exhibiting hyperlipemia associated with the 
nephrosis syndrome or with obstruction of the bile ducts. Robin- 
son, Price, and Hogden (6) were unable to obtain clear supernatant 
solutions from ‘‘some pathological sera, such as those from patients 
with lipoidal nephrosis.’””" Many workers have reported similar 
difficulties with the Howe (1) method. 

In the new method the delay of several hours required for floc- 
culation of globulin by previous methods is dispensed with, and 
in 5 to 10 minutes of centrifugation a clear solution is provided for 
albumin determination. If this method is used in connection 
with the author’s quantitative biuret method for protein deter- 
mination (8), total protein, albumin, and globulin can be deter- 
mined in about 45 minutes. Further studies on the possible 
application of the method to spinal fluid and effusions are in 


progress. 
SUMMARY 


A rapid centrifugal method for the separation of globulin pre- 
cipitate is presented, based on the use of sodium sulfate in combina- 
tion with ether. Certain advantages over filtration and previous 
centrifugal methods are described. The results were found to 
agree with those of accurate filtration techniques. The new 
method is superior to previously reported methods for analysis 
of certain types of pathological sera. The accuracy of the biuret 
method for the determination of serum proteins has been 
confirmed. 
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A NEW PROCEDURE FOR QUANTITATIVE ANALYSIS BY 
ISOTOPE DILUTION, WITH APPLICATION TO THE DE- 
TERMINATION OF AMINO ACIDS AND FATTY ACIDS* 


By D. RITTENBERG anp G. L. FOSTER 


(From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 


(Received for publication, February 27, 1940) 


We shall describe here a quantitative method of analysis of 
organic compounds in mixtures. The procedure requires the 
isolation of only a small sample of the substance to be determined, 
the yield being unimportant. This method is based on the fact 
that a compound which has an abnormal isotope content is in- 
separable by the usual laboratory procedures from its normal 
analogue. If, for example, a deuteropalmitic acid is added to 
a mixture of isotopically normal fatty acids, and then palmitic 
acid is isolated, this will be a representative sample of the mixture 
of the added deuteropalmitic acid and the palmitic acid originally 
present. From the amount of palmitic acid added (zx) and its deu- 
terlum content (Co),! as well as the deuterium content of the 
isolated palmitic acid (C), the amount (y) of palmitic acid origi- 
nally present in the mixture can be calculated from Equation 1. 


Co 
y= 1)2 (1) 


As it is only necessary in this method to obtain a sample large 
enough for the isotope analysis (5 to 100 mg.), large losses can 
be afforded in the purification process. This procedure can be 
used for any substance which can be labeled by an isotopic marker 
(either a stable isotope or a radioactive one). 

The method has already been utilized in this laboratory for 


* This work was aided by grants from the Rockefeller Foundation and 
the Josiah Macy, Jr., Foundation. 

' All isotope concentrations must be given as excess above normal. In 
this communication we shall deal only with the heavy isotopes of hydrogen 
ee. whose normal abundances are 0.02 and 0.37 per cent respec- 
tively. 
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the determination of the leucine content of the proteins of a whole 
rat (1). Shortly afterwards and independently Ussing (2) als 
described the general principle of the procedure and determined 
the leucine content of hemoglobin. He has racemized the hy. 
drolysate and added racemic deuteroleucine. From the dey. 
terium content of the insoluble copper salts he calculated the 
leucine content to be 29 per cent.? 

If applied to the determination of optically active substances, 
this method is complicated by the fact that the optical isomers 
have in general solubilities different from those of the racemic 
compounds or mixtures. The synthetic isotopic compounds are 
always racemic. If, for example, glutamic acid be determined 
by addition of isotopic dl-glutamic acid, only its /(+) component 
will form an inseparable mixture with the normal /(+)-glutamie 
acid in the protein hydrolysate, while the d(—)-glutamic acid 
can be fractionated (as dl-) from the l(+) form. Therefore 
in such cases it is necessary to employ one of three procedures: 
(A) The protein hydrolysate is completely racemized, racemic 
amino acid is added, and racemic amino acid isolated; (B) the 
synthetic amino acid is first resolved and only the natural isomer 
added; (C) racemic amino acid is added and a sample of the 
natural isomer isolated. We have employed this procedure for 
the determination of glutamic and aspartic acids, as it is possible 
in these cases to separate a sample of pure | isomer from a partial 
racemate. 

These considerations do not apply to the determination of 
glycine. It will be necessary to determine which of the three 
procedures may best be employed for other amino acids. 

Theoretical Errors—The accuracy of the method depends on 
three factors: (a) the purity of the compound added, (6) the 
purity of the compound isolated, and (c) the accuracy of the 
isotope analysis. The various sources of error will be discussed 
for the case in which deuterium is employed; analogous com 
siderations apply for N™ or other elements. 


? The calculations of Ussing seem to be in error. To 3.0 gm. of protein 
was added 0.392 gm. of dl-leucine. Ussing gives his deuterium content not 
as atom per cent excess, but as excess density of the water formed in the 
combustion of the compound. The leucine added had an excess density of 
518 parts per million and the leucine isolated 225 parts per million. The 
leucine content on the basis of these values is 17 per cent. 
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(a) As the weight of the compound added can in general be 
determined with great accuracy, no error arises from this source. 
The presence of impurities in the compound added gives rise to 
an error of variable magnitude, depending on the type of impurity. 
If the deuteropalmitic acid mentioned above is contaminated 
with 1 per cent stearic acid of the same deuterium concentration, 
then this will introduce a 1 percent erroriny. If this contaminant 
is normal stearic acid, the error introduced in y is very small, as z 
will be too large and Cy correspondingly too small. If the im- 
purity is a hydrogen-free substance, then a 1 per cent impurity 
will cause an error of 1 per cent in y. In general an impurity of 
1 per cent in the added compound gives rise to a final error of 
1 per cent or less in the determination. 

(b) The effects of impurities in the isolated compound again 
may be divided into three classes. (1) Contaminants which 
contain no hydrogen (salts, etc.) introduce no error. (2) The 
presence of 1 per cent of a normal homologous compound intro- 
duces an error of about 1 per cent in C which, for the case in which 
C,/C is 5, gives rise to an error of 1.25 per cent in y. The larger 
C,/C is, the smaller the error in y becomes, approaching 1 per 
cent asa limit. (3) Contaminants containing the same deuterium 
excess as the palmitic acid isolated introduce no error in the 
determination. It is clear that if the conditions are so chosen 
that all contaminants have approximately the same isotope con- 
tent as the substance being isolated, the effect of these impurities 
on the analytical value vanishes. 

(c) Above 1 atom per cent excess for deuterium and 0.5 atom 
per cent® excess for N"' the error of a single isotope determination 
is about 1 per cent. Below these values the error becomes larger. 
For the best results C should therefore exceed these values. The 
ratio C./C should also be as large as possible. In Fig. 1 is plotted 


* In the mass spectrographic analysis employed for N™ the absolute con- 
cegtration of the heavy isotope is determined with an error of less than 1 
percent. As the natural abundance is 0.37 per cent, the excess abundance 
has a larger error. Thus a sample containing 1 per cent of N"* atoms and 
99 per ceat of N™ has an excess abundance of 0.63 per cent. If the absolute 
abundance has an error of 1 per cent (0.01 atom per cent N"*), the excess 
abundance is in error by 1.5 per cent (0.01 in 0.63). As will be seen in the 
experimental section of this paper, our N“* determinations seem to have an 
error of less than 0.003 atom per cent in the range of 0.2 atom per cent 
excess, 
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the theoretical error introduced in the analysis by a 1 per cepi 
error in either Co or C. It will be seen that little advantage js 
gained by increasing Co/C above 10. In practice this requiny 
that for optimum results the isotope concentration in the added 
material be above 5 atom per cent excess. 

From the above considerations it may be seen that an error of 
about 1.5 per cent may be expected for a single analysis under 
favorable considerations; t.e., Co = 5 per cent or greater, Co/C = 
10, and the compounds isolated are pure. 


20 


Fic. 1. Error in result caused by a 1 per cent error in either Co or C at 
different ratios of Co/C. 


2 
percent ertor y 


EXPERIMENTAL 


Determination of Palmitic Acid in Rat Fat—The total fatty 
acids of two rat carcasses were obtained by the usual procedure 
after hydrolysis of the fats in alcoholic potassium hydroxide for 
6 hours. Two aliquots were taken, and deuteropalmitiec acid 
containing 21.5 per cent deuterium was added. The compound 
was prepared according to the method described earlier (3). The 
saturated fraction was precipitated as the lead salt from 95 per 
cent alcohol. The lead salts were twice recrystallized from hot 
95 per cent alcohol, decomposed with hydrochloric acid, and 
the acids extracted with ether. The lead precipitation was re 
peated and the lead salts again decomposed. The free fatty 
acids were esterified with methyl alcohol and fractionally dix 
tilled. A small sample in the middle of the methyl palmitate 
fraction was taken for analysis. The ester was saponified, and 
the free acid recrystallized twice from aqueous acetone. The 
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constants and deuterium content in the two determinations are 
given in Table I. 

No attempt was made in any step after the addition of deutero- 
palmitic acid to obtain a high yield. Relatively large losses were 
taken in each step to insure purity. The first part of each crystal- 
lization was always discarded. While there were present about 
3.5 gm. of palmitic acid in each sample, only about 200 mg. were 
finally isolated and used for analysis. 

Amino Acid Determinations in Protein Hydrolysates—Estima- 
tions of glutamic acid, aspartic acid, and glycine have been made 
in hydrolysates of cattle fibrin (15.2 per cent nitrogen, without 
correction for moisture and ash). Approximately 5 gm. samples 


Determination of Palmitic Acid in Rat Fat 
Properties of palmitic acid isolated Palmitic 
ach uterium 
Mol. wt. 

Methyl ester Free acid content | ealeulated 
gm. gm. per cent 

14.641 | 0.2163 | 29.3-29.5 | 63.1-63.4 256.4 1.28 23.4 

14.135 | 0.1757 29 .0-29.1 63.0 255.4 1.11 22.9. 


* The palmitic acid contained 21.5 atom per cent deuterium. 


of the protein were hydrolyzed by boiling 20 hours with 150 ce. 
of 20 per cent hydrochloric acid. To each hydrolysate a weighed 
amount of optically inactive, isotope-containing amino acid was 
added. When glutamic acid was added, the hydrolysate plus the 
added glutamic acid was boiled for 3 hours more to insure that 
the isotopic glutamic acid and that from the protein would be 
in the same equilibrium with pyrrolidonecarboxylic acid. After 
removal of the excess hydrochloric acid, the amino acids were 
isolated in the usual ways. Glutamic and aspartic acids were 
precipitated as the barium salts from alcohol. The glutamic 
acid was separated and purified as the hydrochloride; aspartic 
acid was precipitated as the copper salt and isolated as the free 
amino acid. Glycine was isolated as the trioxalatochromiate 
complex of Bergmann and Fox (4), and purified as the toluene- 
sulfonyl derivative. 
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As the added amino acids were synthetic optically inactiye 
compounds, the first crude glutamic and aspartic acids isolate 
were mixtures of (+) and dl components. Specimens of the 
pure 1(+) compounds are readily obtained from such mixturg 
by recrystallization of the glutamic acid as hydrochloride, ang 
of aspartic acid as the free acid.‘ Small samples of the isolated 
amino acids at successive stages of purification were saved for 
isotope analysis. The constancy of isotope concentration at 
the last two or three stages of recrystallization offered strong 
evidence as to the purity of the compound in addition to that 
afforded by optical activity and nitrogen content. The data and 
results of the experiments are given in Table II. 

In some experiments Procedure A was tried. The protein 
was hydrolyzed with barium hydroxide, which yields completely 
racemized amino acids. In such a case on addition of racemic 
labeled compounds there would be no question of isolating pure! 
compounds from mixtures of 1 and dl components, but simply 
the preparation of dl specimens. The results, however, were 
unsatisfactory, for with glutamic acid, aspartic acid, and tyrosine 
there was evidence that these compounds were partially de 
composed by boiling with baryta. For if the labeled compound 
was added before the hydrolysis was begun, the values were 
always markedly higher than when it was added after the hy- 
drolysis was completed. Further, when the labeled amino acid 
was present during the hydrolysis, appreciable concentrations 
of N'5 were present in the ammonia given off during the boiling 

Attempts were made to racemize completely the hydrochlorie 
acid hydrolysates with ketene according to the method of Jackson 
and Cahill (5). In one experiment the isolated glutamic acid 
was completely racemized and the value 13.7 per cent glutamie 
acid in the protein was obtained from the isotope dilution, 
fair agreement with the results presented in Table II. However, 
in several other experiments the racemization was only about 
90 per cent complete. The data and results of the one successful 
experiment were as follows: amount of protein hydrolyzed 4.997 } 
gm., dl-glutamic acid added 0.4748 gm., N"™ excess in compound 


‘ The first crude crop of each substance was recrystallized four or five 
times in such a manner that the final yield was about 10 to 20 per cent of the 
crude material. 
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added 1.957 atom per cent, N* excess in dl-glutamic acid isolated 
0,803 atom per cent (the results of five successive recrystalliza- 


Tas.e II 
Determination of Amino Acids in Fibrin 
| excess | 
: 5 | isolated | Evidence for purity of 
| 2s compound 
om. | oe cmt | cont 
17 |4.002) Glycine (0.1315) 2.00) 0.781 | 5.12} Toluenesulfonyl gly- 
0.784 cine; found, N 
0.782 6.09, m.p. 148 
0.782 
21 '4.995| dl-Glutamic 0.1266) 2.10, 0.182 (13.2 | 1(+)-Glutamic 
acid 0.186 hydrochloride; 
0.185 found, N 7.65, 
[a], = +25.5 in 
1n HCl 
22 |5.382 0.1152) 2.10, 0.162 (13.0 | U(+)-Glutamic 
0.161 hydrochloride; 
| 0.157 found, N 7.62, 
[a], = +25.3 
23* 5.034,“ “ (0.1222) 2.10) 0.185 /12.9 | 1(+)-Glutamie 
0.176 hydrochloride; 
found, N 7.62, 
[a], = +25.4 
25¢'7.675 (0.4005) 2.10) 0.356 (12.8 | 1(+)-Glutamic 
0.355 hydrochloride; 
found, N 7.63, 
[a], = +25.3 
dl-Aspartic (0.4000) 0.374 |11.2 | l(+)-Aspartic acid; 
acid 0.383 found, N 10.44, 
[a], = +24.9 


* In this experiment the isotopic glutamic acid was added before the 


hydrolysis was begun. 


t In this experiment both glutamic and aspartic acids were added to the 


same hydrolysate. 


tions were 0.803, 0.800, 0.803, 0.806, and 0.803 atom per cent 
N* excess), per cent glutamic acid in the protein (calculated) 13.7. 
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DISCUSSION 


In agreement with the considerations of the errors to be e. 
pected, the determinations of the palmitic acid content of ri 
fatty acids differ from the mean by 1 per cent. The mean of the 
four determinations of glutamic acid is 13.0 + 0.1 per cent. This 
error (0.8 per cent) is somewhat less than could be expected, as 
the conditions of the experiments were not those which would 
give the most accurate results—the concentration of N™ in the 
starting materials was less than optimal. 

The purity of the amino acids isolated is shown not only by 
the analytical constants, nitrogen content, rotation, and melting 
point, but also by the constancy of the isotope content of the amino 
acid in the various stages of purification. This latter criterion 
is more sensitive to impurities than the nitrogen content or rota- 
tion. While 5 per cent of another normal amino acid in the 
glutamic acid would have only a negligible effect on the nitrogen 
content, it would change the isotope content by 5 per cent. 

The advantages of this method seem to be 3-fold. The error 
of a determination is independent of the method of isolation or 
yield, and independent of the concentration of the substance 
in the starting mixture. No larger percentile error is made 
whether the absolute concentration of the substance in the mixture 
is 1 per cent or 50 per cent. Finally the magnitude of the ex 
pected error is known; 7.e., it is about 1 per cent. 


SUMMARY 


A new method (isotope dilution procedure) for the analysis 
of complex mixtures is described and applied to the determination 
of glycine, glutamic acid, and aspartic acid in fibrin hydrolysates 
and of palmitic acid in rat fat. 
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THE GLUTAMIC ACID OF MALIGNANT TUMORS* 


By SAMUEL GRAFF, D. RITTENBERG, anv G. L. FOSTER 


(From the Department of Obstetrics and Gynecology, and the Department of 
Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 


(Received for publication, February 27, 1940) 


The claim by Kégl and Erxleben (1) of the occurrence of amino 
acids of the d series, and especially of d(—)-glutamic acid, as 
constituents of cancer proteins has been supported by White and 
White (2), but refuted by the work of Chibnall et al. (3), Graff 
(4), and Lipmann et al. (5). In subsequent papers Kégl, Erxleben, 
and Akkermann (6) have sought to explain the failures to confirm 
their work as being due to the inadequacy of the methods used 
by Chibnall and by Graff for the isolation of glutamic acid. Es- 
pecially they stress their claim that the Foreman procedure, with 
either calcium or barium hydroxide, fails to precipitate the dl- 
glutamic acid, alleging that the calcium or barium salt of the 
dl-glutamic acid is much more soluble (10 times) than the cor- 
responding derivative of 1(+)-glutamic acid. 

This paper will offer evidence that such an explanation is not 
adequate to account for the failures to confirm the work of Kég]l 
and Erxleben. Furthermore, we present the results of a different 
approach to the problem, namely the use of a modification of the 
isotope dilution method described in the preceding paper (7), 
wherein it is clearly shown that, in the six tumors examined, not 
more than 1 per cent of the glutamic acid could have been in 
the d(—) form. 


Isotope Dilution Method 
The method for the determination of amino acids in protein 
hydrolysates (7) has been so modified that the amount of d- as 


* This work was aided by grants from the Rockefeller Foundation and 
the Josiah Macy, Jr., Foundation. 
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well as of l-amino acids can be determined. When dl-glutami 
acid containing excess Nis added to a solution of normal glutamic 
acid, the added isomers will be diluted by their isomeric counte,. 
parts in the solution. If the glutamic acid is subsequently isolated 
by any method and fractionated into two specimens having 
different optical rotations, i.e. containing different proportions 
of the two optical antipodes, the amount of the dilution of each 
of the added isomers may be computed from the specific rotation 
and the N“ content of the specimens isolated. The simplest cage 
is that in which one fraction consists of pure 1(+)-glutamic acid 
and the other of the optically compensated di mixture. If z gm, 
of racemic compound are added containing Co atom per cent 
excess of N", and the / and d isomers isolated contain C; and (, 
atom per cent N*™ excess respectively, then the amounts of these 
isomers originally present in the hydrolysates are 


Co z 
ya = 1)3 (1, a) 


Co z 
y= - 1) (1, b) 


where yg and y; are the amounts of d(—)- and 1(+-)-glutamic acid 
respectively in the protein. In the case of glutamic acid it is 
relatively simple from a partially racemized mixture to isolate 
the pure l- or d-glutamic acid, depending upon which isomer is 
present in excess, and a sample of di-glutamic acid. As in protein 
hydrolysates the | isomer is always in excess, we have isolated L- 
and dl-glutamic acid. From the concentration of N*® in the 
l- and dl-glutamic acid it is possible to calculate the concentration 
of N* in the d isomer, for 


and 


Ca = 3Ca + (2) 


where Cx is the concentration of N™ in the racemic mixture. 
Solving for Cz and substituting in Equation 1, a, we obtain 


~ 
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te ‘ 
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In two cases we were not successful in isolating a pure dl-glu- 
tamic acid but obtained glutamic acid having a small excess either 
of the J or of the d isomer. From the rotation the percentage of 
d and of | component can be determined, and the concentration 
of N™ in the d isomer can be calculated from the equation 


C, = PC; + (1 — P)Ca (4) 


where P represents the fraction of the | enantiomorph in the 
sample, and C, the concentration of N* in the incompletely rac- 
emized sample. Solving for Cz and substituting in Equation 1, a, 


we find 
P) Zz 


In the special case in which there is no d component in the protein, 
the concentration of the isotope in the dl-glutamic acid isolated 
would be half of that in the 1 component isolated plus half of that 
in the dl component added. 


EXPERIMENTAL 


Except in Experiment 31 all specimens were diagnosed as 
malignant on gross pathological examination and were dissected 
by the pathologists to exclude non-neoplastic tissue as far as 
possible. The diagnoses were subsequently verified histologically. 

The dried and defatted tissues were hydrolyzed by boiling 
for 12 hours with 20 parts of 20 per cent hydrochloric acid. In 
Experiments 34 to 44 inclusive (Table I) 1.20 gm. of dl-glutamic 
acid hydrochloride (1.76 atom per cent excess N'®) and in Experi- 
ment 31 1.00 gm. of dl-glutamic acid (1.97 atom per cent excess 
N") were added. The solution was boiled again for 3 hours to 
insure equilibration of the added glutamic acid with pyrrolidone- 
carboxylic acid. Glutamic acid was isolated as the hydrochloride 
by the Foreman method. 

The separation of the 1(+)- and the dl-glutamic acid hydro- 
chlorides from a solution containing the two is based on the fact 
that the dl component is not a racemate but a mixture. The 
solubility of the dl component is just twice that of the 1 component, 
and a saturated solution of the former is saturated in respect to 
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both the d and I isomers.! Such being the case, if the solubility 
of the dl mixture under fixed conditions of temperature and hydro. 
chloric acid concentration is known, then it should be possible 


to choose the right volume of solvent (aqueous hydrochloric aeid) | 


to dissolve the dl- but not the excess /-glutamic acid hydrochloride 
We found the solubility of dl-glutamic acid hydrochloride in §4 
n hydrochloric acid at ice bath temperature to be 2.48 gm. pe 
100 gm. of solution. In practice we used somewhat less than the 
volume of solvent calculated on the basis of the rotation of the 


mixture in order to insure complete crystallization of all of the — 


excess [-glutamic acid hydrochloride. (Small amounts of ¢ 
glutamic acid hydrochloride contaminating a specimen of the 
l(+) compound are very readily removed by recrystallization) 
In practice the separation did not always go as smoothly as the 
theory demands, apparently on account of the occasional formation 
of supersaturated solutions even after shaking for 24 hours in the 
ice bath. In Experiment 42 the filtrate from the 1(+) fraction 
on concentration to small volume yielded glutamic acid hydro- 
chloride containing a considerable excess of the d(—) form, enough 
so that a pure specimen of this form was obtained by recrystalliza- 
tion. The mother liquor from this fraction yielded glutamic acid 
with a slight excess of the (+) component. 

All the preparations brought to analysis for isotope concentra- 
tion had the correct nitrogen content. The /(+) (and the one 
d(—)) specimens had the correct rotation ([{a], = 25.3° as the 
hydrochloride in nN HCl). The dl specimens in not less than 4 
per cent solution and in a 2 dm. tube had zero rotation (+0.02) 
in the last two stages of recrystallization, with the exception of 
Experiments 40 and 42, in which the rotations indicated about 5 
per cent excess d and / isomers respectively. 


Solubilities of Barium and Calcium Glutamates 


Barium Salts—0.500 gm. of I(+)-glutamic acid hydrochloride 
and of the dl-glutamic acid hydrochloride were separately dit 


1 This point was brought out by the experiments of Kégl, Erxleben, and 
Akkermann (6), whose results we have confirmed except that we have found 
higher values for the solubilities of the 1(+)- and di-glutamic acid hydro 
chlorides in both 5.4 N and 6.0 n hydrochloric acid, either of which might be 
called 20 per cent. Our values are 1.24 and 0.89 gm. of 1(+)-glutamic acid 
hydrochloride per 100 gm. of solution at 0° in respectively 5.4 N and 6.08 
hydrochloric acid. 
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solved in 40 ec. of water. The solutions were shaken with excess 
barium hydroxide and filtered ; 5 cc. aliquots of the alkaline filtrate 
were then pipetted into measured volumes of 95 per cent alcohol, 
and the flasks stoppered and held in the refrigerator at 0° for 24 
hours with occasional shaking. The cold samples were then 
filtered in the refrigerator and suitable aliquots of the filtrates 
taken for nitrogen estimation by the Kjeldahl method. At all 
concentrations of alcohol examined the solubilities of the barium 
salts of 1(+)- and dl-glutamic acid were identical. The values 
found were 160, 32.8, 10.3, 6.3, and 4.7 mg. of glutamic acid per 
100 cc. of 48, 63, 71, 76, and 80 per cent alcohol respectively. 
80 per cent alcohol is the concentration reached when a solution 
is poured into 5 volumes of 95 per cent alcohol, as is usual in our 
application of the Foreman procedure. Excess barium chloride, 
a condition prevailing in the isolation from hydrolysates, reduces 
solubility by as much as 25 per cent. 

Calcium Salts—0.3 gm. of glutamic acid hydrochloride in 10 ce. 
of water was shaken with excess calcium hydroxide (powder). 
To the mixture, which was alkaline to phenolphthalein, 50 cc. of 
95 per cent alcohol were added, and the whole allowed to stand 
at room temperature for 2 days with occasional shaking. The 
filtrates were analyzed by the Kjeldahl procedure. Identical 
experiments were made with /(+)- and with dl-glutamic acid 
hydrochlorides. The solubilities found were identical for both 
forms; namely, 2.2 mg. of glutamic acid per 100 cc. of filtrate. 

In a similar experiment in which 2.5 volumes of 95 per cent 
alcohol were used to precipitate the calcium salts, the solubilities 
of the calcium salts of l- and dl-glutamic acid were identical at 
4.2 mg. of glutamic acid per 100 ce. 


DISCUSSION 


An extensive consideration of the errors of this method seems 
unnecessary here. It may be seen from inspection of Equation 2 
that, for the values of C4; and C, we obtained, a 1 per cent error 
in Cz; will give rise to a 1.5 per cent error in Ca, while the same 
error in C; causes C, to be in error by 0.3 per cent. The effect of 
these errors on the value of yz has been discussed in the preceding 
paper. From these considerations we conclude that the error 
to be expected in favorable cases is about 1.0 per cent; i.e., a 
content of d(—)-glutamic acid of 1.0 per cent of the total glutamic 
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acid is within the experimental error. The average of all th 
tumor experiments is —0.1 + 0.7 per cent. Experiment 40 wa 
unfavorable in two respects: (a) the amount of protein hydrolyzed 
was very small, making an unfavorable ratio of Co/C; or C,/¢, 
and (b) there was difficulty in preparing a good specimen of @ 
glutamic acid hydrochloride. Discarding this experiment give 
amean of +0.5 + 0.5 percent. We conclude that in either tumo 
or normal proteins less than 1 per cent of the glutamic acid is 
the d(—) form. 


SUMMARY 


By the isotope dilution method, six specimens of malignant 
tissue were found to contain /(+)-glutamic acid in amounts 
ranging from 6.7 to 8.7 per cent of the total nitrogen. The other 
isomer (d(—)-glutamic acid), if present at all, could not have 
been more than 1.0 per cent of the total glutamic acid. 

Contrary to the statement of Kégl and Erxleben, the solubilities 
in dilute alcohol of the calcium and barium salts of dl-glutamie 
acid were found to be identical with those of the corresponding 
salts of 1(+)-glutamic acid, and therefore cannot account for 
the failure of Chibnall e¢ al. and of Graff to find dl-glutamie acid 
in tumors. Further, it has been demonstrated that the Foreman 
method will yield dl-glutamic acid when it is present. 


We are indebted to Dr. A. P. Stout and Dr. C. D. Haagensen 
of the Department of Surgery, Dr. W. E. Pollard of the Depart- 
ment of Obstetrics and Gynecology, and Dr. M. M. Melicow of 
the Department of Urology for specimens and for pathological 
examination. 
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CONCERNING THE METABOLISM OF TESTOSTERONE 
TO ANDROSTERONE* 


By RALPH I. DORFMAN anv JAMES B. HAMILTON 


(From the Adolescence Study Unit, the Laboratory of Physiological Chemistry, 
and the Department of Anatomy, Yale University School of Medicine, 
New Haven) 


(Received for publication, February 23, 1940) 


After the administration of the testis hormone, testosterone, 
to men with deficient testicular secretion the principal androgen 
excreted in the urine is androsterone (1, 2). The mechanism 
of this conversion is obscure with regard to the site of this change, 
the enzyme systems responsible for the reactions, and the inter- 
mediary substances between the testis hormone and the urinary 
androgen. 

Previously, we pointed out that in the conversion of testosterone 
to androsterone there are six direct intermediates theoretically 
possible (2). These are etioallocholan-3-one-17-ol, etioallocholan- 
3(a)-17-diol, etiocholen-(5 ,6)-3(a)-17-diol, etiocholen-(5 ,6)-3(a)- 
ol-17-one, etiocholen-(4,5)-3,17-dione, and etioallocholan-3 , 17- 
dione. In this study we have administered three of these pos- 
sible intermediates, etioallocholan-3(a)-17-diol, etioallocholan- 
3,17-dione, and etiocholen-(4,5)-3,17-dione. In addition to 
these possible intermediates, we have also attempted to study 
the metabolism of testosterone, methyltestosterone, androsterone, 
and dehydroisoandrosterone. 


Materials, Methods, and Subjects 


The various androgens employed in this study were adminis- 
tered orally in gelatin capsules. A capsule containing one-third 
of the daily dose was swallowed before each of the three meals. 


* Supported in part by the Rockefeller Foundation, the Fluid Research 
Fund of Yale University School of Medicine, and the International Cancer 
Research Foundation. 

Presented before the Thirty-fourth annual meeting of the American 
Society of Biological Chemists at New Orleans, March, 1940. 
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All urine samples were collected over complete 24 hour periods 
from Case 2 during the 10 days of androgen administration ang 
from Case 4 for 1 additional day thereafter. Between successiye 
periods of ingestion, there was an interval of 10 or more days 
Extractions of the urines and the purification of the urinary @ 
tracts have been described previously (2). Briefly, the metho 
consisted of extracting the urine with benzene after previous acid 
hydrolysis. The fraction containing the neutral compounds wa; 
separated into ketonic and non-ketonic substances by means of 
the Girard-Sandulesco ketone reagent (3). The respective frac | 
tions containing the ketonic and non-ketonic substances wer | 
assayed for androgenic activity and subjected to further chemical 
purification. 

Assays for androgenic activity were performed on the day-old 
chick (4). All values for androgenic activity are expressed as 
international units, which is the activity evoked by 0.1 mg. of 
androsterone. 

The subjects were two men with organic and functional evi- 
dence of deficient testicular secretion (5), one a eunuchoid and the 
other a surgical castrate. Case 2, a 26 year-old eunuchoid, has 
served as a subject in a previous communication (2) and is re 
ferred to in this paper by the same designation as used previously. 
Case 4 is a 44 year-old man who has been bilaterally castrate 


since the age of 21. 


EXPERIMENTAL 


Table I is a summary of the excretion of ketonic and non 
ketonic androgenic substances after the administration of the fol 
lowing compounds: three naturally occurring androgens, testo 
terone, androsterone, dehydroisoandrosterone; three possible 
intermediates, etioallocholan-3(a)-17-diol, etioallocholan-3 , 17-d- 
one, etiocholen-(4 ,5)-3,17-dione; and the orally active androgen, 
methyltestosterone. 

The oral administration of testosterone in the form of its pr 
pionate results in increased excretion of androgenic substances it 
the urine. The greatest increase in androgenic activity ws 
found in the ketonic fraction. For example, in Case 4 when 
120 mg. of testosterone propionate per day were administered, 
the urinary androgens per 24 hours were increased from the pre 
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injection level of 7 1.U. to that of 179 1.v. Of the daily average 
of 179 1.v. of androgenic substance during the treatment period, 
160 1.U. were in the ketonic fraction. That at least a portion of 
this increment is due to androsterone has been previously demon- 
strated (2). 

When methyltestosterone was orally administered in the 
amount of 105 mg. per day, only a slight increase in androgenic 
substances was detected in the urine. No change was observed 


| 
Urinary Excretion of Ketonic and Non-Ketonic Androgenic Substances 
after Oral Administration of Various Androgens 


Androgenic sub- 
| } stances in urine, 
Case No. Substance administered Amount 2.0. per day 

| | | Ketonic m4 
Se | None | 0 9 3 
4 0 7 
4 Testosterone propionate / 120 | 160f 19 
Etioallocholan-3(a)-17-diol | 10 | 
2 103¢ 63 
2 Etioallocholan-3, 17-dione | 105 87t 7 
2 Etiocholen-(4,5)-3,17-dione 105 205+ 14 
2 Methyltestosterone 105 14 <4 
2 (| 210 23 <6 
2 Androsterone 105 330t 18 
Dehydroisoandrosterone | 105 93 <5 


* Total androgenic activity. 
t Androsterone was isolated from these ketonic fractions. 


in the non-ketonic fraction; the androgenic activity of the ketonic 
fraction was elevated from 9 to 14 1.u. per day, amounting to 
55 per cent. This relatively small increase is in marked contrast 
to the excretion of androgenic substance after administration of 
an equivalent quantity of testosterone, where the increase in 
ketonic androgens was 1700 per cent. Attention is called to the 
markedly greater androgenic stimulation, despite low levels of 
urinary androgens, exhibited upon ingestion of methyltestos- 
terone in comparison to that observed after ingestion of testos- 
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terone propionate. Evidence of androgenic action was seen jp 
the form of increased erectile ability, skin coloration, and genital 
growth and weight increase. These changes appeared with 
each period of ingestion of methyltestosterone, although in lesser 
degree than upon daily intramuscular injection of 20 mg. ¢ 
testosterone propionate, and disappeared rapidly when ingestions 
were discontinued. 

When the dose of methyltestosterone was increased to 2i9 
mg. per day, the increase in excretion rose to only 150 per cent, 
Attempts to isolate the metabolic products of the administered 
methyltestosterone have thus far been unsuccessful. 

The administration of both androsterone and dehydroisoap- 
drosterone in amounts of 105 mg. per day was accompanied by 
marked augmentation of the urinary androgens. With andros 
terone the ketonic excretion amounted to 330 1.U. per day, which, 
if calculated on the basis of androsterone, would amount to 
33 mg. With dehydroisoandrosterone the ketonic fraction again 
accounted for the large increase in androgen excretion, assay 
of that fraction giving values of 93 1.U. per day. 

The ketonic fractions’ of the urinary concentrates obtained 
after administration of androsterone and dehydroisoandrosterone 
were submitted to further purification. Thus far, no metabolie 
products have been determined on the urine. collected after 
ingestion of dehydroisoandrosterone. After oral administration 
of androsterone, however, androsterone has been isolated from 
the urine in good yield. 

The complete 10 day output of urine during ingestion of 16 
mg. of androsterone daily by Case 2 was hydrolyzed with hydro 
chloric acid for 15 minutes and extracted quantitatively with 
benzene. The neutral compounds of the urine extract were 
separated into ketonic and non-ketonic fractions by means of 
the Girard-Sandulesco reagent. The viscous brownish red oil 
which comprised the ketonic fraction was dissolved in hot 80 per 
cent ethanol, filtered, and finally cooled in an ice-salt mixture. 
A erystalline precipitate separated, which melted at 168-173". 
Sublimation of this material at 125° and 5 u pressure yielded 4 
substance which melted at 177-179° and amounted to 222 mg. 
Two recrystallizations from methanol raised the melting point 
to 179-181°. The melting point was not depressed by a known 
sample of androsterone. The identity of the isolated compound 
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with androsterone was further demonstrated by the preparation 
of the acetate which melted at 160-163°. When the acetate was 
mixed with an authentic sample of androsterone acetate, m.p. 
161-163°, the mixture melted at 159-162°. From the mother 
liquors there was isolated a further crop of androsterone amount- 
ing to 32 mg., making a total yield of 254 mg. or 24 per cent of 
the administered substance. 

When etioallocholan-3(a)-17-diol was administered by mouth, 
the greatest portion of the excreted androgens was ketonic in 
nature. This indicated that etioallocholan-3(a@)-17-diol might be 
converted to androsterone. The fact that the non-ketonic frac- 
tion contained considerable androgenic activity in the urine 
of Case 2 might indicate the presence of considerable unchanged 
etioallocholan-3(a)-17-diol. 

In Case 2 the total output of urine over a 10 day period, during 
which time 105 mg. of etioallocholan-3(a)-17-diol were ingested 
daily, was extracted with benzene and the urinary extract sepa- 
rated into the ketonic and non-ketonic fractions. We were un- 
able to isolate any unchanged etioallocholan-3(a)-17-diol from 
the non-ketonic fraction, but from the ketonic fraction, 33 mg. 
of androsterone were isolated. 

The ketonic substances were separated by means of chromato- 
graphic adsorption on an aluminum oxide column with carbon 
tetrachloride as the solvent. Two fractions were obtained. 
The first fraction consisted of substances eluted with carbon 
tetrachloride and the second fraction consisted of compounds 
eluted with a mixture of 99.7 per cent carbon tetrachloride and 
0.3 per cent absolute alcohol. On evaporation of the solvent 
from the second fraction, sticky yellow-colored crystals were 
observed. These crystals were recrystallized from 70 per cent 
ethanol and finally from absolute methanol to yield a white 
crystalline substance which melted at 179-181°. The melting 
point was not depressed when mixed with an authentic sample of 
androsterone. The benzoate of the compound melted at 173- 
175°; the acetate, at 161-162°. 

When etioallocholan-3,17-dione was administered orally to 
Case 2 in quantities of 105 mg. per day, a total of 94 1.v. of andro- 
genic substances was excreted as compared to the level of 12 
I.U. when no androgenic substance was given. By far the great- 
est quantity of activity was found in the fraction containing the 
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ketonic substances, 87 1.u. per day as compared to but 7 ry 
for a similar period in the non-ketonic fraction. 

The urinary fraction containing the ketonic substances consisted 
of a viscous oil. This oil was sublimed in a high vacuum and 
the fraction subliming between 90-135° at 3 u was collected 
The crystalline sublimate had a melting point of 174-177 
After four recrystallizations from 90 per cent ethanol the melting 
point was raised to 181-183°. The melting point of a mixture of 
this substance and an authentic sample of androsterone was 
181-183°. The acetate of the isolated compound melted at 163- 
165°, while the benzoate melted at 174-175°. Neither the 
melting point of the acetate nor that of the benzoate was depressed 
when mixed with authentic samples. Thus, the compound is 
androsterone and a conversion of the administered etioallocholan- 
3,17-dione into androsterone is indicated. 

Oral doses of 105 mg. daily for 10 days of etiocholen-(4,5). 
3,17-dione to Case 2 resulted in a great increase in the urinary 
excretion of androgenic substances. The daily urinary titer of 
androgens rose from 12 to 219 1.u. The ketonic androgens again 
accounted for the greatest increases. Upon fractionation of the 
ketonic substances no unchanged etiocholen-(4,5)-3 ,17-dione 
was found; instead androsterone was isolated. 

The ketonic substances were sublimed at 120° and 5 yu pressure. 
The sublimate was recrystallized from 90 per cent ethanol, and 
7 mg. of substance melting at 172-175° were isolated. Water 
was added to the mother liquor to reduce the alcohol concentra- 
tion to 80 per cent. A substance separated which was almost 
colorless and melted at 165-175°. The melting point was raised 
to 176-178° after two recrystallizations from hexane and the yield 
was 18 mg. The melting point of the acetate was 162-164’, 
while the benzoate melted at 174-176°. No depression in melt- 
ing points was observed when the free compound, the acetate, 
and the benzoate were mixed, respectively, with authentic 
samples. 


DISCUSSION 


Each of the seven androgens employed in this study has been 
shown to be absorbed from the gastrointestinal tract, as evidenced 
by increased urinary concentration of androgenic substances 
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over and above that of the pretreatment level. The smallest 
increase was observed after the administration of methyltestos- 
terone. The percentage absorption of the administered androgens 
is unknown, since no studies were carried out on the fecal matter. 

The urines collected after the administration of five of the seven 
androgens have yielded crystalline metabolic products. In 
each case the isolated androgen has been shown to be andros- 
terone. The isolation of androsterone after the administration 
of testosterone has already been discussed (2). In the case of the 
ingestion of androsterone, 24 per cent of the administered an- 
drogen was isolated unchanged from the urine. This high ex- 
cretion of unchanged androsterone seems to indicate the relative 
inability of the body to metabolize this androgen further. 

The identification of androsterone in the ‘urine after the ad- 
ministration of etioallocholan-3(a)-17-diol, etiocholen-(4 ,5)-3 ,17- 
dione, and etioallocholan-3,17-dione is of particular interest, 
since these steroids may be intermediates in the metabolism of 
testosterone to androsterone. However, the possibility has not 
been excluded that these compounds may be precursors of testos- 
terone rather than intermediates in the metabolism of testos- 
terone. 


SUMMARY 


1. The excretion of ketonic and non-ketonic androgens in the 
urine was determined after the oral administration of three 
naturally occurring androgens, testosterone, androsterone, and 
dehydroisoandrosterone; of methyltestosterone; and of three 
possible intermediates in the conversion of testosterone to andros- 
terone. These possible intermediates are etioallocholan-3(a)-17- 
diol, etioallocholan-3 , 17-dione, and etiocholen-(4 ,5)-3 , 17-dione. 

2. All seven of the compounds investigated were absorbed from 
the gastrointestinal tract, as evidenced by increased concentra- 
tions of androgens in the urine. 

3. By far the greatest increases in androgenic substance were 
found in the ketonic fractions of the urinary concentrates and 
appear to be accounted for by androsterone. 

4. Androsterone has been isolated from the urine after the 
oral administration of testosterone, androsterone, etioallo- 
cholan-3(a)-17-diol, etioallocholan-3,17-dione, and etiocholen- 
(4,5)-3 ,17-dione. 
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We are indebted to Ciba Pharmaceutical Products, Inc., for the 
supply of androsterone, testosterone propionate (under the trade 
name perandren), dehydroisoandrosterone, methyltestosterone 
etioallocholan-3(a)-17-diol, etioallocholan-3 ,17-dione, and etip. 
cholen-(4 ,5)-3 , 17-dione. 


BIBLIOGRAPHY 


. Callow, N. H., Biochem. J., 33, 559 (1939). 

2. Dorfman, R. I., Cook, J. W., and Hamilton, J. B., J. Biol. Chem., 1, 
285 (1939). 

3. Girard, A., and Sandulesco, G., Helv. chim. acta, 19, 1085 (1936). 

4. Dorfman, R. I., and Greulich, W. W., Yale J. Biol. and Med., 10, ® 
(1937). 

5. Hamilton, J. B., Endocrinology, 21, 649 (1937). 


= 
ae 
. 
a 
4 


0, 


PREPARATION OF THROMBIN 


By TAGE ASTRUP anp SVEN DARLING 


(From the Biological Institute of the Carlsberg Foundation, Copenhagen, 
Denmark) 


(Received for publication, February 14, 1940) 


Potent preparations of thrombin have been described by 
Mellanby (1), Howell (2), Bleibtreu (3), and Seegers, Brinkhous, 
Smith, and Warner (4). The present paper describes a method 
which, according to our experience, is the most convenient for 
preparing great amounts of a very potent thrombin. 


EXPERIMENTAL 


Plasma—Ox blood is obtained at the slaughter-house in glass 
jars containing 15 cc. of a 20 per cent potassium oxalate solution 
per liter of blood. As soon as possible after arrival at the labora- 
tory the blood is passed through a metal sieve and centrifuged. 
There is obtained 50 to 55 per cent (by volume) of plasma, which 
is used immediately for preparing thrombin. 

Thrombokinase—Fresh, ground beef lung is extracted with 2 
parts of 0.9 per cent NaCl solution for 4 to 5 hours with inter- 
mittent stirring. The mixture is then passed through a double 
layer of gauze and used as such. 

Units—A thrombin unit is defined as the amount of active 
substance which will clot 1 cc. of oxalated plasma in 30 seconds 
at 37°. To 0.10 cc. of the thrombin solution is added 1.0 ce. of 
ice-cold oxalated plasma and the mixture is placed in a water 
bath at 37°. For clotting times not greater than 2 minutes the 
activity is directly proportional to the reciprocal of the clotting 
time. 

Preparation of Crude Thrombin (A)—The following procedure 
was found to give the best results. To 1 liter of oxalated plasma 
are added 15 liters of cold distilled water and acetic acid until 
the pH is 5.3 (about 0.3 liter of a 1 per cent solution). After 
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ne standing for 5 to 10 minutes the mixture is centrifuged. In th 
meantime a new lot is precipitated, and this procedure is repeataj 
until in about 1 or 2 hours 10 to 12 liters of plasma ae been 
precipitated and passed through the centrifuge. 

The precipitate corresponding to | liter of plasma is dissolyg 
; at 25-30° in 0.70 liter of a 0.9 per cent NaCl solution. ThenQJj 
liter of thrombokinase and 25 cc. of a 1.5 per cent solutiong | f 
calcium chloride are added (per literof plasma). The mixtyp 
clots in 1 to 3 minutes and is stirred vigorously during this time 
After it has stood for 1 hour, the fibrin is removed. The thrombi 
solution, which contains 6 to 8 thrombin units per cc., @.¢. about 
7000 units per liter of plasma, is then precipitated with 1 volum 
of acetone and, after standing overnight, is centrifuged. Th 
precipitate is ground in a mortar with acetone and filtered ons 
aa Buchner funnel the next day. Again it is ground with aceton 
and after standing several days filtered and dried with ether. 
Yield 5.5 to 7 gm. per liter of plasma. About 1200 gm. of cruk 
thrombin were prepared according to this method. 


a 50 mg. of this crude thrombin give in 10 cc. of NaCl solution an 
a activity of 3.5 to 4.0 thrombin units per cc., which corresponds t 
aa about 800 units per gm. of substance and 4800 units per liter of 


plasma; 7.e., 70 per cent of the activity of the thrombin solution. 

Purification of Crude Thrombin (B)—40 gm. of crude thrombin 
are extracted for 6 hours at 0° with 800 cc. of 0.9 per cent NaCl sol 
tion and a few drops of octyl alcohol. After centrifugation the 
precipitate is extracted again for 12 hours with 600 cc. of Na@l 
solution. Yield 1100 ce. of a solution containing 30 to 36 throm 
bin units per ec. 1 per cent acetic acid solution is added until 
the pH is 5.5. The precipitate is discarded after centrifugation 
a and the solution is poured into 2 volumes of ice-cold acetone 
ey After standing for 2 hours the mixture is centrifuged and the 
oi S precipitate ground with acetone in a mortar. After further 
standing for 24 hours it is filtered, treated with absolute alcohol, 
washed, and dried with ether. Yield 2.5 gm. of purified thrombin 
containing about 10,000 units per gm., equal to about 80 per cet 
of the activity in the crude thrombin. 

Properties of Purified Thrombin—Of the purified thrombin @) 
85 to 90 per cent is soluble in distilled water. Of such a solution 
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a curve for the precipitation with increasing amounts of am- 
monium sulfate was obtained according to Schmitz (5) (Fig. 1, 
Curve I). The curve shows characteristic peaks for globulin 
and albumin, and, by fractionation with ammonium sulfate two 
or three times, an albumin fraction could be obtained, which after 
dialysis contained nearly all the activity; the precipitation curve 
for this fraction is shown in Fig. 1, Curve II. The globulin frac- 
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Fic. 1. Precipitation with ammonium sulfate. Curve I, solution of 
Thrombin B; Curve II, active albumin fraction; Curve III, inactive 
globulin fraction. 


tion was small and practically inactive and gave Curve III, 
Fig. 1. Precipitating the dialyzed albumin fraction with acetone 
destroyed about 25 per cent of the activity. 

Thrombin thus seems to be connected with proteins of the 
albumin type. This is interesting in view of the possibility of 
prothrombin being of globulin character, as it is precipitated by 
half saturation with ammonium sulfate according to Cekada (6) 
and Schmitz (7). Work on its purification is in progress. 
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SUMMARY 


1. A convenient method for preparing great amounts of 
potent thrombin preparation is described. 
2. Thrombin seems to be an albumin. 


Thanks are due to Lévens kemiske Fabrik, Copenhagen, for 
facilities during this work. 
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LETTERS TO THE EDITORS 


PARTIAL RACEMIZATION OF GLUTAMIC ACID IN BOILING 
HYDROCHLORIC ACID SOLUTIONS* 
Sirs: 

In a recent communication, Johnson' has reported the isolation 
of glutamic acid hydrochloride containing small percentages of 
d(—)-glutamic acid hydrochloride following hydrolysis of Jensen 
sarcoma and rat livers with 20 per cent hydrochloric acid (30 
hours boiling). He suggested that slight racemization of the 
glutamic acid might have been caused by the hydrolysis. We 
have tested this hypothesis by boiling 1(+)-glutamic acid for 
varying lengths of time in hydrochloric acid solutions. Following 
the period of heating, the solutions were stored at —10° for 24 to 
48 hours, and the glutamic acid hydrochloride crystallizing from 
them was filtered off, dried, and examined in the polarimeter. 
In two experiments, a second crop of crystals was obtained by 
saturating the mother liquors with dry, cold hydrogen chloride. 
Two of the samples isolated were analyzed in the Organic Micro- 
analytical Laboratory, University of Minnesota, with the following 
results. 


Cc H N 
Calculated for CsHyO,NHCI............. 32.71 5.49 7.63 
Found (for sample with [a]Jp) = +6.3°).. 32.72 5.58 7.72 
+30.3°).. 33.09 5.40 7.75 


The data recorded in the accompanying table suggest that the 
results reported by Johnson can be explained by assuming race- 
mization during hydrolysis. However, some of the results 
recorded by Kégl and Erxleben? are difficult to explain except by 
assuming the presence of partly racemized glutamic acid residue 


* This investigation was financed in part by a grant from the Citizen’s 
Aid Society, Minneapolis. 

' Johnson, J. M., J. Biol. Chem., 182, 781 (1940). 

* Kégl, F., and Erxleben, H., Z. physiol. Chem., 268, 57 (1939). 
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in the proteins prior to hydrolysis, or by supposing that some 
property peculiar to the malignant tissue induced an unusually 
high degree of racemization during hydrolysis (7 hours boiling 


nae J | | Weight of | 
Ex. | Weight | Time | ‘isolated | | | 
peri- | Solvent, | | gutemie | Recov-| |g Total | Tota 
ment | jintamic | HCl 25 ce. | boil- acid | eries | (“Ip isomer | 
N | ing hydro- | | eries isomer 
acid | ehloride 
| 
1 | 9.9572 | 20% | 100 | 7.8154 | 62.9| +28.0) 5.8) | 
| | | 1.1426 | 9.2) +6.3 | 40.1 | 72.1 107 
2 | 9.6380 | 20% | 30| 10.1802 | 84.6| +31.4| 0 | | 
| | 1.0677 | 8.9 | +15.6 | 25.2 | 93.5 | 2.4 
3 | 1.0004 | Concen- | 9 | 1.0428 | 83.5 | +30.3 2.2 | 83.5 | 22 
| trated | | 


with concentrated hydrochloric acid). For example, in one 
experiment, these authors isolated 6.25 gm. of glutamic acid, con- 
taining 42.7 per cent of d isomer, from 48.3 gm. of human ovarian 
carcinoma protein. 


Laboratory of Physiological Chemistry L. EarRLE ARNow 
University of Minnesota JEANETTE Opsani 
Minneapolis 
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METHYLATION OF CHONDROSAMINE HYDROCHLORIDE 


Sirs: 

In course of an investigation on the structure of chondrosin, it 
was desired to make available the trimethylmethylchondros- 
aminide. This was prepared by methylation of chondrosamine 
pentaacetate by the dimethyl sulfate procedure. The N-acetyl- 
methyltri-O-methylchondrosaminide was then hydrolyzed and 
tri-O-methylchondrosamine hydrochloride, thus obtained, in its 
turn was oxidized by means of chloramine-T (Dakin, Biochem. J., 
11, 79 (1917); Herbst, J. Biol. Chem., 119, 85 (1937)) to 2,3,5- 
methyl-d-lyxose. Thus it follows that on methylation of chon- 
drosamine pentaacetate with dimethyl sulfate, the methyl- 
pyranoside is formed. 


Pentaacetate of chondrosamine. Calculated. 49.33 5.96 3.59 55.26 
Found. 49.34 6.02 3.62 55.20 
N-Acetyltri-O-methylmethyl- 
chondrosaminide. Calculated. 41.92 7.82 5.43 
Found. 42.02 7.95 5.45 
2,3,5-Trimethyl-d-lyxose. Calculated. 49.96 8.39 
Found. 50.13 8.26 


la]> = +39.0° (in water at equilibrium) (Bott, Hirst, and Smith, J. Chem. 


Soc., 658 (1930)) 
la]p = +41.7° (in 10 % alcohol + NH;) 
2,3,4-Trimethyl-d-lyxose. [a]} = —22° (at equilibrium) (Bott, Hirst, and 
Smith, loc. cit.) 


Laboratories of The Rockefeller Institute for P. A. Levene 
Medical Research 
New York 


Received for publication, April 19, 1940 
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Studies on the Optical Activity of Quinine and Its Salts. By 
James C. ANDREWS AND Battey D. Wess. From the 
Department of Biological Chemistry, School of Medicine, Uni- 
versity of North Carolina, Chapel Hill 
For the purpose of providing a micropolarimetric method for 

the determination of small amounts of quinine, a study has been 
made of the optical activity of the free base and some of its salts 
in water, ethyl alcohol, mixtures of the two, and in some other 
solvents. All samples used were carefully purified, usually by 
several crystallizations, to effect complete removal of other cin- 
chona derivatives, a constant optical activity under definitely 
specified conditions being used as the criterion of complete purifi- 
cation. All figures apply at 25°. 

The specific activity of the free base in pure ethyl alcohol = 
— 170.0. 

The specific activity of the anhydrous sulfate (Q:-H:SOQ.) = 
—179.0 in pure ethyl alcohol and —152.5 in pure water. In 
alcohol-water mixtures the activity rises to a flat maximum of 
— 205.5 in 60 per cent alcohol (by volume). 

Similar results were obtained with the dihydrochloride 
(Q-2HCl). In pure ethyl alcohol its optical activity = — 168.8, 
in pure water —220.5. In alcohol-water mixtures the activity 
rises to a flat maximum of —228.7 in 30 per cent alcohol (by 
volume). 

Curves showing the effect of progressive neutralization of the 
free base with HCI and H.SO, have also been run. It is planned 
to use these figures for maximal optical activity as the basis for a 
semimicromethod for quinine determination. 


Vitamin K. By S. Anspacner. From The Squibb Institute for 

Medical Research, New Brunswick 

The methods for determining antihemorrhagic activity were 
analyzed. It was found that 1 Ansbacher unit equals 1 Thayer 
(1938) unit, 2 Thayer-Doisy (1939) units, 20 Dam units, 0.5 Dann 
(1938) unit, 1.25 Dann (1939) unit, and 0.16 ml. of Almquist’s 
reference standard. 
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Since the vitamins K, and K; have been reported to have g 
quinoid structure, numerous compounds belonging to the class 


of quinones were prepared and biologically assayed. It was ob | 


served that vitamin K, and other phytyl derivatives of methyl 
naphthoquinone are not as active and not as readily utilized by 
the animal body as 2-methyl-1 ,4-naphthoquinone. This methyl- 
naphthoquinone is the most potent compound with vitamin K 
activity and was found to be very rapidly absorbed by the organ- 
ism. Clinical investigations indicate that it is a highly efficient 
prophylactic and therapeutic agent for hypoprothrombinemia, 
The various postulations concerning the relationship between 
chemical structure and vitamin K activity will be briefly discussed. 


Individual Phospholipids in Plasma of Rabbits after a Fatty 
Meal. By CamitLo ARTOM AND JOHN A. FREEMAN. From 
the Biochemistry Department, School of Medical Sciences, Wake 
Forest College, Wake Forest, North Carolina 
By a procedure essentially combining those used by Kirk and 

by Thannhauser and coworkers, individual phospholipids have 

been determined in the plasma of rabbits on a standard mixed diet 
and in the plasma of the same rabbits 15, 30, and 45 hours after 
the administration of a single large dose of olive oil. In accord 
with previous results, a clear increase in total phospholipids was 
only occasionally seen. Moreover, great variability in all the 
values in oil feeding experiments as well as in controls was appar- 
ent. However, higher values for lecithin were very often ob- 

tained after oil feeding, and in such experiments as exhibited a 

clear rise in total phospholipids, the increases were essentially or 

even entirely in the lecithin fraction. On the contrary, lower 
values for cephalin were generally encountered in oil-fed animals. 

The ether-insoluble phospholipids undergo slighter, irregular, and 

probably meaningless variations. 

The above results are believed to point to lecithin as the only 
phospholipid carrying fatty acids in blood plasma. 


Studies in Iron Metabolism with the Aid of Its Artificial Radio- 
active Isotope. By Mario E. Austoni AND Davip M., GREEN- 
BERG. From the Division of Biochemistry, University 
California Medical School, Berkeley 
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With radioactive iron (kindly supplied by Professor E. O. 
Lawrence and associates) as an indicator, the absorption, distri- 
bution, and excretion of this element were studied in normal and 
jron-deficient rats with hypochromic anemia. The results show 
that it required about 12 hours for a single dose of iron adminis- 
tered as FeSO, or FeCl; to be removed from the stomach and 
small intestines. 

The passage through the gastrointestinal tract was significantly 
slower in the anemic rats. The anemic animals absorbed a 
greater amount of the administered iron and showed a lower 
excretion in both urine and feces. During a 10 day period the 
normal animals retained about 30 per cent of the administered 
iron, while the anemic animals retained 50 per cent. The greater 
part of the excretion through the feces and the urine takes place 
within 48 hours. 

The absorbed iron was most actively taken up by the bone 
marrow, blood, and muscle, especially in the anemic rats. After 
10 days the radioactive iron nearly disappeared from the muscle 
and blood of the normal rats but rose to values of 25 and 14 per 
cent, respectively, of the administered dose in the anemic rats. 


Some Observations on Pantothenic Acid (Chick Antidermatitis 
Factor). By Sipney H. Bascockx, Jr., anp Tuomas H. 
Juxes. From the College of Agriculture, University of Cali- 
fornia, Davis 
Pantothenic acid was biologically assayed with chicks on a 

heated diet. Concentrates of the factor were prepared from 

extracts of yeast and liver by the methods of R. J. Williams and 
coworkers. Observations are made on the preparation of such 
concentrates. 

8-Alanine and certain hydroxy acids such as lactic acid were 
subjected to the Schotten-Baumann procedure for coupling 
amines with organic acids. Some properties of the resulting 
products are discussed. 

The distribution of pantothenic acid in a number of foods for 
which no data were previously available is reported. 


The Effect of Adrenalectomy on the Deposition in the Liver of 
Spectroscopically Active Fatty Acids. By Ricnarp H. Barnes, 
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Evmer 8. Miter, anD Georce O. Burr. From the Depar. | 

ments of Physiology and Botany, University of Minnesota, | 

Minneapolis 

Spectroscopically active fatty acids which may be accurately 
differentiated from normal body fats have been utilized for the 
study of the effect of adrenalectomy on the deposition of liver fat, 

It has been shown by others that adrenalectomized rats do not 
develop fatty livers characteristic of normal rats subjected to cer. 
tain treatments. A similar effect of adrenalectomy has beg 
demonstrated in rats fed one dose of spectroscopically active fat 
(tagged fat). 8 hours after the oral administration of approxi- 
mately 2.0 cc. of tagged fat to adult rats previously fasted for 18 
hours there is an increase in the amount of neutral fat present in 
the liver. Spectroscopic examination of this fat shows that part 
of this increase in neutral fat is due to the fed fat. In adrenalee- 
tomized rats maintained for 4 days with sodium chloride there is 
no significant rise in neutral fat in the liver. Very little of the 
neutral fat is derived from tagged fat which has been fed. Ih 
neither control nor adrenalectomized animals is there any signifi- 
cant change in the amount of phospholipid present, although a 
small increase in tagged fat present in this fraction shows thats 
slow incorporation of tagged fat into the liver phospholipids does | 
take place. Experiments have been conducted to demonstrate 
the effect of sodium chloride, potassium chloride, and adrenal 
cortex extract on this deposition of liver fat in adrenalectomized 
animals. 


The Colorimetric Estimation and Fractionation of Androgens in 
Urine. By Emm J. BAUMANN AND NANNETTE METZGER. 


From the Laboratory Division, Montefiore Hospital, New York 
Previous attempts to apply the Zimmerman reaction for I?- 
ketosteroids to the estimation of androgens in the urine have been 


unsatisfactory. The colors obtained from the neutral fractiond | 


benzene extracts of urine with m-dinitrobenzene and alkali 
particularly from women’s urines or those of low androgen com | 
tent, are quite different from the colors produced by androsterone 
or dehydroandrosterone. Even the use of color filters, while 
great aid in making comparisons, leaves much to be desired. 

By purifying the neutral fraction of urine extracts further, 
partly by solution in pentane in which much gum and pigment 
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are insoluble, and partly by adsorption on MgO and subsequent 
elution with ether, we obtained solutions that give colors more like 
those produced by androsterone or dehydroandrosterone, which 
are used as standards. Analysis has been extended by dividing 
these purified extracts into two fractions with digitonin. The 
insoluble part is probably chiefly dehydroandrosterone. 


The Creatine and Creatinine Excretion of Children during Differ- 
ent Periods of Growth. By Exior F. Beacu, D. Maxweui 
TeaGue, AND Icte G. Macy. From the Research Laboratory 
of the Children’s Fund of Michigan, Detroit 
In the course of metabolic studies in this laboratory the daily 

creatine and creatinine excretions of seven children were deter- 

mined in 1936 for 10 consecutive days and in 1939 for 55 days. 

One of the children was also studied in 1932. The age range of 

the children over all of the periods was from 5 to 12 years and the 

daily nitrogen intakes varied from 8.5 to 17 gm. 

The consecutive daily creatinine values were quite constant. 
On the other hand, there were wide daily variations in creatine 
output (from 0 to 130 mg. of creatine nitrogen in one child). 
This fact demonstrates the advantage in accuracy of an average 
creatine value for several days over a single 24 hour creatine 
determination. It was observed that, over the period of growth 
studied, the total creatine plus creatinine nitrogen output of any 
one child varied only slightly, while in this. relatively constant 
total, creatine decreased and creatinine increased with increasing 
age. 

The preformed creatinine (nitrogen) coefficients of all the chil- 
dren, at all ages studied, varied from 7.4 to 9.7, which is within 
the normal adult range. The creatinine coefficient of any indi- 
vidual in the group was almost identical in the two studies. 

The creatine output and therefore creatine coefficient decrease 


in direct accordance with increase in age and are closely related to 
body surface area, basal metabolic rate, and height. The creat- 
inine output also shows excellent correlation with age, height, and 
body surface, but unlike creatine is closely related to weight. 


A Comparison of the Effect of Parenteral Injection or Ingestion 
of Sarcosine versus Glycine, with and without Urea, upon 
Creatinine-Creatine Excretion in the Rat and Man. By 
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Howarp H. Bearp. From the Departments of Biochemistry 
University of California, Berkeley, and Louisiana State Unj. 
versity School of Medicine, New Orleans ) 
Sarcosine and urea, alone and together, were injected into rats 
and ingested by man and the effect of this treatment upon creatine 


and creatinine excretion in the urine was observed. These results 
were then compared to those previously obtained under similg 
experimental conditions when urea and glycine were used. 

In the rat the injection of sarcosine and urea alone or together | 
gave from 50 to 71 mg. of extra creatine excretion. Sarcosine 
injected alone caused an increase of 121 mg. of extra creatinine 
excretion. In man (H. H. B.) ingestion of urea or sarcosine alone 
gave no increase in creatinine excretion, while the extra creatine | 
excretion amounted to 13 and 6 gm. respectively. Ingested 
together the extra creatine excretion was 12 gm. and creatinine 
excretion 29 gm., or a total of 41 gm. This was 6 gm. more than | 
the amount required by theory and 6 gm. more than that ob 
tained in this subject when similar doses of urea and glycine were 
ingested. The ingestion of 5 gm. of urea and 5 gm. of glycine bya 
patient suffering from a very severe muscle atrophy and muscle 
wasting caused an increase of over 400 per cent in creatine exere- 
tion the day after ingestion of these substances. In succeeding 
days creatine retention occurred. 

The above results show that glycine can be first methylated to 
sarcosine in creatine synthesis in the body. Creatinine can be 
formed before creatine, and, therefore, may also be an inter 
% mediate compound in creatine formation in the body. 


hl Effect of Cortin, Supracorsin, an Adrenal Hydrolysate, with and 
Bt. without the d-Amino Acid Oxidase of Pig Kidney, upon the 
| Appearance, Growth, and Regression of the Walker Sarcoma 

in Rats. By Howarp H. Bearp. From the Department ¢ 

Biochemistry, Louisiana State University School of Medicine, 

New Orleans 

160 rats of the Wistar strain were divided into three groups: 
Group 1, control, 77 animals; Group 2, 68 animals; and Group 3, 
15 animals. All were transplanted under nembutal anesthesia 
with small bits of the Walker sarcoma. For 10 days before and 
10 days after transplantation the animals of Group 2 received by 
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intraperitoneal injection on 1 day 1 cc. of the kidney enzyme 
preparation, and on the other a mixture of 1 cc. of supracorsin (a 
water extract of the suprarenal cortex of sheep) + 1 cc. of beef 
adrenal hydrolysate + 0.5 cc. of Wilson’s adrenal cortical hor- 
mone. Group 3 received 1 cc. of the kidney enzyme preparation 


daily. 


The results obtained were as follows: (1) 2 weeks after trans-. 


plantation 58 per cent of the control, 51 per cent of Group 2, and 
87 per cent of Group 3 showed the appearance of tumors. (2) 
Tumors were removed from all groups at the same time and 
weighed. Forty-four tumors from the control group weighed 
451 gm.; twenty-four tumors from Group 2 weighed 188 gm.; and 
ten tumors from Group 3 weighed 85 gm. The increase in weight 
of the control tumors was 140 per cent more than that of Group 2. 
(3) No tumor regressed in the control group. On the other hand 
there were seven, or 21 per cent, of the tumors of Group 2 which 
showed complete regression. In addition two other tumors did 
not grow beyond 1 cm. in diameter. These results were due to 
supracorsin and the cortical hormone. 


The Synthesis of Glycocyamine and Creatine from Amino Acids, 
Urea, and Cyanamide. By Howarp H. Brearp anp Jutia K. 
EsPpENAN. From the Department of Biochemistry, Louisiana 
State University School of Medicine, New Orleans 
The in vitro synthesis of glycocyamine from urea and glycine 

and from glycine and cyanamide, and of creatine from sarcosine 

and urea and sarcosine and cyanamide, with and without the 
addition of a few drops of strong ammonia, was studied in relation 
to the effect of time, temperature, and concentration of reacting 
substances, and the presence of enzymes, upon the process. The 
speed of the reaction depends, in the order named, upon the tem- 
perature, concentration of reacting substances, and time allowed 
for the reaction to occur. Evidence was obtained indicating the 
presence of an enzyme in muscle, but not in kidney tissue, catalyz- 
ing the above reactions. The synthesis of glycocyamine or 
creatine, however, does not depend on the presence of the muscle 

enzyme, provided the ingredients are autoclaved together at 15 

pounds pressure for 15 minutes, or the concentration of the in- 

gredients is increased, or a longer time is allowed for the reaction 
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to occur. The presence of a few drops of strong ammonia greatly 
catalyzes the synthesis of glycocyamine or creatine under the 
above conditions. Ammonia should be considered as one of the 
reacting substances in creatine synthesis from urea and the amino 
acids in metabolism. Glycocyamine and creatine were isolated 
and identified as products of the reaction of cyanamide and 
glycine and cyanamide and sarcosine, respectively. These syn- 
thetic substances, when injected into young rats, caused an in- 
= crease in muscle creatine ranging from 20 to 45 per cent above | 
normal. | 


Further Observations upon the Biological Relationship between 
Creatine and Creatinine in Relation to Water, Salt, and Phos- 
phate Metabolism. By Howarp H. Bearp, Juuia K. Es 
PENAN, A. Link KoOveN, AND Puiuip Pizzo.tato. From the 
Department of Biochemistry, Louisiana State University School 
of Medicine, New Orleans 
Creatinine, in the presence of extra water in the tissues of the 

rat and man, is hydrolyzed to creatine and any extra creatinine or 

creatine formed per unit of time is then excreted into the urine. 

Salt injection or ingestion greatly increases the amount of creatine 

and creatinine excreted in the rat and man as compared to the 

same amount of water alone. In the castrate rat creatinine is 
not hydrolyzed to creatine, but extra creatine is formed from the 
ae, injection of salt alone. Water and salt cause exactly twice as 
en much extra creatine excretion in the rat as the injection of either 

‘ alone. ‘Tissue creatine is not increased under these conditions. 
- Alkalosis greatly increases the creatinine — creatine transforma- 
tion and excretion in the rat. The effect of the sex hormones and 

: alkalosis upon the creatinuria was probably due to water and salt 

retention. The creatinine — creatine transformation in vitro 

(37 mg.) and in vivo (36 mg.) showed excellent agreement. The 

synthesis of creatine in the body in relation to phosphate and 

muscle metabolism was discussed and any condition, or set of | 
conditions, that influences the general body metabolism will, at 
the same time, influence creatinine-creatine equilibrium. 


Creatine-Creatinine Metabolism and the Hormones. III. Effect 
of Parenteral Injection of Creatine and Creatinine with the Sex 


q 
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Hormones upon Creatine-Creatinine Excretion in Normal 

Animals. By Howarp H. Brearp anp Ernest J. Jacop. 

From the Department of Biochemistry, Louisiana State Uni- 

versity School of Medicine, New Orleans 

Different amounts of creatine and creatinine, with and without 
testosterone propionate and theelol, were injected into normal 
rats and the effect of this treatment upon creatine-creatinine 
excretion was observed. The results obtained confirmed our 
previous findings, as follows: creatine is not changed into creat- 
inine in the rat; the sex hormones injected with creatine likewise 
do not increase the creatinine excretion; the injection of creatinine 
stimulates the excretion of creatine and this function of creatinine 
is increased when it is injected with the sex hormones; no difference 
in the effect of the sex hormones upon creatine-creatinine metab- 
olism in rats has been observed. 


Creatine-Creatinine Metabolism and the Hormones. IV. Effect 
of Parenteral Injection of the Sex Hormones, with and without 
Creatinine, upon Creatine-Creatinine Excretion in the Ninety 
Day Castrate Rat. By Howarp H. Bearp anp Ernest J. 
Jacos. From the Department of Biochemistry, Louisiana State 
University School of Medicine, New Orleans 
The sex hormones, testosterone propionate and theelol, with 

and without creatinine and saline, were injected into rats 90 days 
after castration and the effect of this treatment upon the excretion 
of creatine in the urine was studied. No effect was observed under 
these conditions upon the excretion of creatine which is in contrast 
to the creatine excreted in the normal animal or recent castrate 
under similar experimental conditions. The creatinuria observed 
was due to the effect of saline alone. It was suggested that 
secondary changes in some of the other endocrine glands may 
account for these findings. A summary of results obtained when 
different hormones are injected in normal and castrate animals 
upon creatine-creatinine metabolism is given. 


The Effect of Titanium on Sulfur Metabolism. By Mary L. C. 
Bernuem. From the Department of Biochemistry, Duke 
University School of Medicine, Durham, North Carolina 
Since the oxidation of —SH groups to —SO;H in rat liver in 
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vitro is inhibited by traces of Ti,* the effect of Ti on the ratio, total 
SO, to total S, in rat urine was determined. A suspension of 
Ti(OH), (1.5 mg. per kilo) was injected intraperitoneally. Dur. 
ing the following 24 hours the excretions of total N, total 8, and 
SO, were all less than normal, but the SO, excretion was relatively 
much lower, giving a very low ratio of total SO, to total 8S. This 
effect was compared with that obtained by fasting the rat for 24 
hours. The total N and total S excretion was reduced even more 
than after Ti, but the ratio of total SO, to total S was only very 
slightly lowered. The following are typical figures: total N (mg, 
per 24 hours) normal 204, fasted 100, after Ti, 125; ratio of total 
SO, to total S, normal 0.67, fasted 0.52, after Ti, 0.26. A rapid 
return to normal of the N excretion after the Ti injection showed 
that the liver was not permanently damaged. 

The low ratios obtained after treatment with Ti cannot be the 
result of the failure of the rat to eat, but are probably caused by 
the inhibition by the metal of the oxidative enzymes concerned 
with sulfur metabolism. 


Structure of Vitamin K,. By S. B. R. W. McKez, 
Stpney A. THAYER, AND Epwarp A. Dorsy. From the Labora 
tory of Biological Chemistry, St. Louis University School of 
Medicine, St. Louis 
Evidence has been previously presented to show that vitamin 

Ke, is a 2,3-disubstituted naphthoquinone with six double bonds 
in the side chains. Since the vitamin does not react with maleic 
anhydride, the presence of conjugated double bonds is not likely. 
A model experiment in which the diacetate of dihydro vitamin K; 
was ozonized in glacial acetic acid and decomposed by zinc in ether 
gave an excellent yield of 1 ,4-diacetoxy-2-methylnaphthalene-3- 
acetaldehyde which was further characterized as the semicarba- 
zone. Ozonization of the diacetate of dihydro vitamin Kg under 
the same conditions gave 1 ,4-diacetoxy-2-methylnaphthalene+- 
acetaldehyde. Analysis and mixed melting point showed this 
aldehyde as well as its semicarbazone to be identical with the same 
compound obtained from vitamin K;. The isolation of this 
aldehyde shows conclusively that vitamin K, is a 2-methyl-1,+ 
naphthoquinone. 


* Bernheim, F., and Bernheim, M. L. C., J. Biol. Chem., 127, 695 (1939). 
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From the ozonization reaction levulinaldehyde was isolated as 
the bis-2,4-dinitrophenylhydrazone in 81 per cent yield, based on 
the assumption that 1 mole of the vitamin would yield 5 moles of 
levulinaldehyde. 

Acetone was also isolated from the ozonization mixture in 56 
per cent yield, assuming that 1 mole of acetone originates from 1 
mole of vitamin K:. The acetone was characterized as the 2,4- 
dinitrophenylhydrazone and by iodometric titration. 

On the basis of analyses, molecular weight determinations, and 
degradation products C4HssO: is proposed as the correct empirical 
formula for vitamin Ky. The proposed structure is best expressed 


by the following formula. 


CH, CH, 


O CH; 


Influence of Induced Hibernation on the Growth Behavior of 
Mouse Neoplasms. By Fritz Biscnorr, M. Louisa Lona, 
AND J. Jerome Rupp. From the Chemical Laboratory, Santa 
Barbara Cottage Hospital Research Institute, Santa Barbara 
It has been found possible by subjecting mice to a sudden low 

environmental temperature, —2° to —5°, to reduce the body 

temperature below 20° for 7 hour periods on 5 successive days or 
for a continuous 24 hour period, whereby a condition resembling 
hibernation was produced. In the range of skin temperature 

(inguinal), 15-20°, the animals lose consciousness, respiration is 

considerably lessened and erratic, and the heart-beat is reduced 

to about one-half the normal beat. The blood sugar falls below 
normal in the initial stage. It requires about 2 hours to arrive at 
this stage. By lowering the environmental temperature 10-15° 
below room temperature (20°) for 10 to 15 day periods no hiberna- 
tion resulted. The growth behavior of Sarcoma 180 and the 
spontaneous Marsh-Buffalo adenocarcinoma has been studied in 
thirty-two mice subjected to hibernation. Matched tumors were 
used as controls. No permanent effect upon the growth process 
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was noted. A temporary growth retardation, of the same order 
as that produced by caloric restriction, was indicated. Loss of 
body weight during the hibernation period was about 15 per cent, 


The Microestimation of Alanine and Threonine. By Ricwarp 
J. Diana BoLuinc, AND MERRILL WEBB. From th 
Department of Biochemistry, New York State Psychiatrie 
Institute and Hospital, New York 


10 mg. of protein are hydrolyzed with 8 n H.SO,; the H,80, is 


removed by an excess of barium acetate. After removal of the 
BaSO, the combined filtrates and washings are concentrated to 
dryness and dissolved in 50 per cent acetic acid. An aliquot con- 
taining 1 or 2 mg. equivalents of protein is oxidized with lead 
tetraacetate or sodium periodate (pH 8) at 30°. Under these 
conditions threonine alone is converted quantitatively to acetal- 
dehyde. The latter is aerated into concentrated HSO, con- 
taining an excess of p-hydroxydiphenyl. The condensation of 
acetaldehyde with p-hydroxydiphenyl yields a permanent red- 
violet color with an absorption maximum at 560 mu. 

The estimation of alanine is carried out in the following way. 
An aliquot of the protein hydrolysate equivalent to 0.5 or 1.0 mg. 
of protein is deaminated with NaNO, and the excess HNO, is 
removed by warming. The solution is oxidized with lead tetra- 
acetate as described above and the theoretical quantities of 
acetaldehyde are formed from alanine and from threonine. Ala 
nine is then estimated by the difference in the amounts of aldehyde 
produced before and after deamination. 


Influence of Parathyroid Deficiency on Reproductive Success in 
the Albino Rat. By Meyer Bopansky AND Virornta B. 
Durr. From the John Sealy Memorial Research Laboratory 
and the Department of Pathological Chemistry, School of Medi 
cine, University of Texas, Galveston 
Parathyroidectomized rats, maintained on a diet which assures 

maximum reproductive success in normal rats (Diet 7 of Cox and 

Imboden), showed a marked reduction in the per cent of fertile 

matings, a moderate reduction in the number of young per litter, 

and a very conspicuous reduction in the average size of the mit 
pups at term. The combination of parathyroid deficiency and& 

diet low in calcium (Diet 26 of Cox and Imboden), or high i 
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phosphorus (Diet 10 of Cox and Imboden), resulted in extremely 
low grades of fertile matings (less than 5 per cent). Parathyroid 
deficiency interferes with spontaneous delivery and is associated 
with a high rate of maternal mortality. The severe manifesta- 
tions of late pregnancy appear to be related to hypocalcemia and 
may be averted by altering the mineral composition of the diet. 


Nutritive Value of Zein Hydrolysates. By RaymMonp BorcuHers 
anp CLARENCE P. Brerc. From the Biochemical Laboratory, 
State University of Iowa, Iowa City 
Sulfuric acid hydrolysates of zein were prepared by refluxing 

the protein with 25 per cent acid (by volume) for 16 hours (I) or 

heating it in the autoclave with 14 per cent acid at 140° for 7 

hours (II), with 10 per cent acid at 165° for 8 hours (III), or with 

14 per cent acid at 180° for 15 hours (IV). In Hydrolysates I and 

II the percentage of amino nitrogen based on total nitrogen was 

about the same (71 and 69); in Hydrolysate III the percentage 

was lower (about 60) and in Hydrolysate IV still lower (about 

55), indicating possible amino acid destruction or polymerization. 
Such hydrolysates, freed of sulfuric acid, were supplemented 

with lysine, tryptophane, histidine, and cystine and fed to rats as 

the protein in a diet otherwise adequate. Hydrolysates I and II 

allowed slow growth equal to that on whole zein, but Hydrolysates 

III and IV did not support growth. Additions of threonine to the 

diets containing whole zein or Hydrolysate I or II did not appre- 

ciably accelerate the growth rate; similar addition to the diet 
containing Hydrolysate III induced slow growth, but to the diet 
containing Hydrolysate IV, little or no change. 

Analyses by the method of Block and Bolling indicate that zein 
contains threonine in an amount which is critically low for growth 
and that the conditions used in preparing Hydrolysates III and IV 
destroy most, if not all, of the threonine. In Hydrolysate IV 
significant amounts of other essential amino acids may also have 
been destroyed. 


Glycocyamine and Methionine As Precursors of Creatine in 
Animal Tissues. By Henry Borsoox anp Jacos W. Dus- 
Norr. From the William G. Kerckhoff Laboratories of the 
Biological Sciences, California Institute of Technology, Pasadena 
The formation of creatine in vitro in the liver and kidney of 
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seven animals—cat, dog, frog, guinea pig, pigeon, rabbit, and rat— 
was studied. The tissue slice technique was used; true creatine 
was distinguished from other Jaffe reagent chromogens by means 
of the bacterial enzyme suspension of Miller and Dubos. 

The livers of all the animals converted glycocyamine to creatine. 
The increases with glycocyamine were from 5 to 30 times the 
spontaneous increases or the blank values. This, apparently, isa 


general property of liver, and suggests that methylation of glyco | 
cyamine in the liver is one of the normal sources of creatine, The | 


kidneys of the guinea pig and pigeon also methylated glycocyan- 
ine, but at a slower rate than in the liver. The kidneys of the 
other five animals were negative in this respect. 

Creatine formation in the liver from glycocyamine was increased 
by methionine in all the animals except the guinea pig and rabbit, 
No such effect of methionine was observed in the kidney of any of 
the animals except the pigeon. 

Slight creatine formation from preexisting precursors was ob 
served in the liver of the guinea pig, pigeon, and rat, and in the 
kidney of all animals except the pigeon. The absolute increases 
over the blanks were small. 

Liver and kidney tissue (rat) ground so that all cells were dis 
integrated produced no creatine (or dubious small increases) from 
preexisting precursors, and none from glycocyamine, with or 
without added methionine. 


Canine Cystinuria. VI. By Erwin Branp Georae Ff. 
CanHILL. From the Departments of Biochemistry and of Urology, 
College of Physicians and Surgeons, Columbia University, New 
York 
Further progress has been made in the attempt* to establish 

cystinuric straint of Irish terriers. Cystinuria in these dogs is not 

present at birth, but appears around maturity. Information con 
cerning the development of the disorder is not yet available. 

The data are not sufficient to allow a genetic interpretation of the 

mode of inheritance. 

Litter 4 consisted* of two cystinuric males and three normal 


* Brand, E., Cahill, G. F., and Slanetz, C. A., Proc. Am. Soc. Biol. Chem., 
J. Biol. Chem., 123, p. xvi (1938). 
t Brand, E., Cahill, G. F., and Kassell, B., J. Biol. Chem., in press. 
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females. Mating of a cystinuric male from this litter with its 
normal sisters yielded four litters. In two of these litters from 
one female no cystinuric animals were found at maturity (several 
dogs showed a cystine excretion slightly higher than normal). 
In a litter from the other female two males and one female devel- 
oped cystinuria at about 11 months of age (cystine sulfur ac- 
counted for 11 to 23 per cent of the total urinary sulfur). A 
second litter from this female has not yet reached maturity. 

Back-crossing of several females from these litters with their 
cystinuric sire has yielded five litters which are still under investi- 
gation. 

It is hoped that during the next few years a larger number of 
eystinuric dogs will be obtained, which will be made available to 
other research workers. 

As a by-product, a considerable number of normal, highly 
inbred dogs have been produced. With these dogs a “standard”’ 
breed for scientific purposes may be developed; some of the 
“standard” dogs are already being used by other laboratories. 


The Effect of Thiamine on Pancreatic Lipase and Spinal Cord. 
By NaTHANIEL Brower AND Surro Tasurro. From the 
Biochemistry Department, University of Cincinnati, Cincinnati 
Following the report* of the presence of a demyelinating agent 

in the spinal fluid and urine accompanying multiple sclerosis, an 

attempt was made to find whether such spinal fluid manifested a 

greater lipolytic activity. 1 cc. of such spinal fluid showed no 

appreciable activity but it enhanced the hydrolysis of olive oil by 
steapsin. This means either that the spinal fluid of this disease 
has more lipolytic accelerator, or has less antilipolytic substance. 

Sasakit found that a decrease of phospholipid content of nervous 
tissue of vitamin B,-deficient albino rats could be restored appre- 
ciably by treatment with vitamin B,, and, since thiamine is used 
in the treatment of multiple sclerosis, we investigated to determine 
whether thiamine acts as an antilipolytic agent. The results show 
that hydrolysis of olive oil by pancreatic lipase is diminished 
approximately to 80 per cent with 9 y per 15 cc. and 50 per cent 


* Weil, A., Luhan, J. A., and Balser, B. H., Tr. Am. Neurol. Assn., 
142-144 (1935). 
t Sasaki, Y., Thesis, University of Cincinnati (1936). 
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with 300 y per 15 cc. This inhibitory action of thiamine againg 
the demyelinization of spinal cord by steapsin will be demop. 
strated. 


The Stabilization and Determination of Blood Pyruvate. By 
ERNEST BUEDING AND HERMAN Wortis. From the Psychiat. 

ric Division, Bellevue Hospital, New York 
A significant decrease in pyruvic acid was found after 1 minute 
: if blood was allowed to stand at room temperature before precipi- 
See tation with trichloroacetic acid. Since the precipitation of blood 
following its withdrawal requires about 30 to 90 seconds, the 
necessity of using some stabilizing agent prior to precipitation is 
obvious. Sodium iodoacetate in a concentration of 0.2 per cent 
was found to inhibit completely the disappearance of pyruvate 
fed in vitro and was therefore used as a stabilizing medium for th _; 
see. determination of blood pyruvate. The method of Lu* was then | 
Pee: modified in the following ways: (1) Larger amounts of blood were 
| 


used. (2) The dinitrophenylhydrazone of the pyruvic acid, toe | 
ae gether with the free hydrazine, was extracted first with 4 ml. and | 
ee then twice with 2 ml. of ethyl acetate. (3) 2 N sodium hydroxide 
~ ey was added to the sodium carbonate extract. The blood pyruvate 
level in 60 normal subjects varied from 0.77 to 1.16 mg. per cent 
(average 0.98 mg. per cent). Sodium cyanide increased the dis 
appearance of pyruvic acid in vitro and this disappearance was not 
prevented by sodium iodoacetate. Sodium fluoride had neither 
an inhibiting nor an accelerating effect on the disappearance of 
pyruvic acid in vitro. The pyruvic acid content of the cerebro- 
me spinal fluid remained constant even if samples were allowed to 
stand at room temperature for 1 hour. The correlation of these 
findings to the functioning of cocarboxylase is discussed. 


Acylation of Amino Acids in Pyridine. By Herpert E. Cartes, 
Puitiep HANDLER, AND CARL M. Stevens. From the Division 
of Biochemistry, Noyes Laboratory of Chemistry, University f 
Illinois, Urbana 
The acylation of amino acids in pyridine has been attempted by 

“ several workers, but with little success. Since the use of pyridine 

k @ as an acylating medium has certain advantages, particularly in the 


*Lu, G. D., Biochem. J., 33, 249 (1939). 
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case of acyl chlorides of low molecular weight, we undertook a 
study of the reactions of amino acids with acid chlorides in pyri- 
dine. It was discovered that this method of acylation is limited 
by the insolubility of certain amino acids (tyrosine, serine, threo- 
nine, and cystine) in pyridine, and by certain complicating side 
reactions, the extent of which, to a large degree, depends on the 
nature of the acid chloride used. Valine, phenylalanine, and 
leucine, when suspended in pyridine at room temperature, react 
readily with acid chlorides. The yield of acylated amino acid 
obtained, with use of equivalent quantities of amino acid and acid 
chloride, varied from 40 to 75 per cent in the case of aliphatic acid 
chlorides. The yield was not increased by varying the ratio of 
acid chloride to amino acid. In the case of benzoyl chloride the 
yield of benzoy! derivative was very low. The main product con- 
sisted of a benzoylated dipeptide. A study of the mechanism of 
production of the dipeptide leads to the discovery of the rather 
complex series of reactions which may take place when an amino 
acid and an acid chloride are allowed to react in the presence of 
pyridine. These side reactions occur in varying amounts with 
different acid chlorides. In the majority of cases, however, they 
are of sufficient importance to render the use of pyridine as an 
acylating medium rather unsatisfactory. 


The State of Calcium and Magnesium in Blood Serum. By 
ALFRED CHANUTIN, STEPHAN LupEWIG, AND A. V. MASKET. 
From the Biochemical Laboratory, University of Virginia, 
University 
Serum was centrifuged for 7 hours in an ultracentrifuge capable 

of exerting a force of about 90,000 times gravity. The serum was 

divided into four or five fractions and the calcium or magnesium, 
total protein, albumin, and globulin, and total solids were deter- 
mined in the respective samples. 

The relationship of calcium and magnesium and protein was 
determined. It was possible to estimate the Ca** and Mg** 
concentrations in a large number of serums obtained from patients. 
The values for calcium ion concentrations and for pKcaprot ob- 
tained by physicochemical means are similar to the values reported 
by McLean and Hastings. The combining power of albumin 
and globulin for calcium was studied. 
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A Microscopic Study of the Effects of Choline Deficiency jp 
Young Rats. By Kermit From the Depart. 
ment of Biological Chemistry, St. Louis University School ¢ 
Medicine, St. Louis 
Recent studies* on choline deficiency in young rats have show, 

that in addition to the production of a fatty liver, a hemorrhagic 

degeneration of the kidneys occurs, also involution of the thymus 


gland, enlargement of the spleen, transformation of lymph nodes | 


to hemolymph nodes, and in the more severe cases, hemorrhage in 
the eye. The chief effect in the liver is the storage of fat by the 
liver cells. The renal hemorrhage is localized in the capsule and 
in the connective tissue between the tubules in the peripheral 
parts of the cortex. Cortical blood vessels beyond the glomeruli 
were involved and glomeruli are not affected unless in a particw 
larly hemorrhagic zone. Necrosis of the kidney tubules is found 
in the peripheral parts of the cortex and more deeply the tubules 
show degenerative changes. At the boundary of the cortex and 
medulla, the tubules contain hyalin casts and, in the most severely 
affected animals, casts are present in the papillary ducts. The 
changes in the thymus gland resemble normal involution. In the 
smallest thymus glands no cortical tissue is left. The enlarged 
spleen shows evidence of much congestion, particularly in the red 
pulp. The appearance of blood in the sinuses of the lymph node 
is suggestive of a change to a hemolymph node-like structure. 
Hemorrhage in the eyes occurs mainly from blood vessels in the 
ciliary body and in the iris. 


Transamination in Liver and Kidney. By Puxiuie P. Coney. 
From the Laboratory of Physiological Chemistry, Yale Uni- 
versity School of Medicine, New Haven 
The reaction between a-ketoglutaric acid and different amino 

acids to form glutamic acid (transamination) has been studied in 

liver (rabbit) and kidney cortex (pig). The importance of these 
two tissues in amino acid metabolism makes such a study par 
ticularly desirable. Glutamic acid was determined by the author's 
method. 

The percentage of added a-ketoglutaric acid converted into 
glutamic acid in the presence of various amino acids for kidney 


* Griffith, W. H., and Wade, N. J., J. Biol. Chem., 131, 567 (1939). 
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and liver respectively is as follows: (1 part of minced tissue + 3 
parts of saline-phosphate; 3 ml. of tissue in each cup; gas phase, 
N;; incubation time 60 minutes; temperature 38°; substrate con- 
centration, 0.02 m (0.004 m for dl-amino acids)) 1(—)-aspartic acid, 
55, 46; (+)-alanine, 35, 42; 1(+)-arginine, 19, 8; /(+)-isoleucine, 
18, 4; 1(—)-leucine, 10, 8; (+)-valine, 15, 12; (—)-phenylalanine, 
8, 8; 1(—)-cysteine, 2.8, 0; glycine, 0, 0; di-methionine, 15, 0; 
(—)-proline, 0, 0; 1(—)-tryptophane, 0, 0; /(+)-lysine, 3.6, 0; 
di-histidine, 0, 6.6; d(+-)-phenylalanine, 0, 0; d(—)-isoleucine, 0, 
0; d(+)-leucine, 0, 0. 

It appears from these data that more amino acids react with 
a-ketoglutaric acid to form glutamic acid in liver and kidney than 
in pigeon breast muscle.* As in pigeon breast muscle, the reac- 
tion is most active with l(—)-aspartic acid and 1(+)-alanine. 
None of the amino acids of the d series has been found to be 
active. The nature of the enzyme systems involved in trans- 
amination is at present under investigation. 


The Effects of Strontium and Calcium on the Uterus. By Versa 
V. Cote anp Ben K. Harnep. From the Laboratory of 
Pharmacology, Woman’s Medical College of Pennsylvania, 
Philadelphia 
A comparison of the effects of strontium and calcium on the 

muscular activity of isolated uterine strips from rats, guinea pigs, 
and dogs has demonstrated that in the presence of appropriate 
ratios of the two ions the number of maximal contractions is 
approximately double that in an equimolar concentration of 
calcium alone. 

Uteri from non-pregnant and pregnant animals were used and 
the cyclic condition of the uterus or the progress of the gestation 
was noted. Except for the dogs, death was by concussion. 
Corresponding strips of the uterus were placed in identical por- 
tions of oxygenated Locke’s solution, 37.5°, containing in separate 
experiments varying amounts of calcium. The activity of the two 
sections was recorded simultaneously, and after an appropriate 
control period, during which the strips duplicated each other 
satisfactorily, strontium was added to one bath and calcium to the 
other. A striking difference between the ions was obtained with 


* Cohen, P. P., Biochem. J., 33, 1478 (1939). 
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the rats, guinea pigs, and dogs, but there was only a questionable 
distinction with rabbits. The effects were not due to barium 
contamination. The chlorides, acetates, and nitrates were em- 
ployed, and the pH of the uterine bath was controlled by passing 
the oxygen through 1.5 per cent sodium bicarbonate or water. 
Toxicity curves made by the intravenous injection of the 
acetates of strontium and calcium into 280 rats and 140 mice show 
that the greater effect of strontium on the uterus is not accom- 
panied by a correspondingly greater increase in general toxicity, 


Phosphorylation of Glucose in Kidney Extract. By Srpney P. 
Cotowick, Mary Wetcu, Cart F. Corr. From the 
Department of Pharmacology, Washington University School of 
Medicine, St. Louis 
Kalckar* has shown that fructosediphosphate accumulates 

when glucose, inorganic phosphate, and fluoride are added to 
kidney extract and that this phosphorylation occurs under aerobie 
conditions only. He also found that addition of citrate, glu 
tamate, or succinate increased the rate of respiration and phos- 
phorylation. The formation of fructosediphosphate was con- 
firmed; in some cases phosphoglyceric acid was also present 
among the products of glucose phosphorylation. In order to 
study the components of this system kidney extracts were aged 
for 24 hours at 10° or they were dialyzed for 4 hours at 0°. 

Aged extracts respired at less than one-half of the original rate 
and did not phosphorylate glucose. Addition of 0.001 m adenylie 
acid restored both respiration and phosphorylation to the original 
level. In some aged extracts phosphorylation was restored only 
when both adenylic acid and cozymase were added, showing that 
both are necessary components of the system. 

Dialyzed extracts neither respired nor phosphorylated glucose 
and were not restored by addition of adenylic acid and cozymase. 
When m/40 citrate, 1(+)-glutamate, ketoglutarate, or succinate 
was added, there was some increase in respiration but no phos 
phorylation of glucose. When in addition to these substrates 
Mgt was added, respiration increased 2 to 5 times and large 
amounts of glucose were phosphorylated. Malate or pyruvate 


* Kalckar, H., Enzymologia, 6, 209 (1939). 
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plus Mg** did not cause phosphorylation in extracts which were 
reactivated by succinic acid. This suggests that the phosphoryla- 
tion of glucose in this system may be linked with the dehydrogena- 


tion of succinic to fumaric acid. 


Preparation of Keto-l-Uronic Acids and Their Relations to Carbo- 
hydrate Oxidation. By L. T. Crews, Fay Suepparp, H. C. 
SupputH, AND Mark R. Everett. From the Department of 
Biochemistry, University of Oklahoma Medicai School, Oklahoma 
City 
A series of keto-l-uronic (osonic) acids has been prepared by an 

improved method based upon cupric acetate oxidation of aldoses 
in alcoholic solution, bromine oxidation of the resulting osones, 
separation of the desired acids as barium salts, and crystallization 
of pure alkaloidal salts. New acids isolated by this procedure 
will be described. 

Studies of the relations of keturonic acids to salt-catalyzed 
hydrogen peroxide oxidation of carbohydrates have provided 
information concerning the oxidative mechanism. Pentoses 
constitute approximately two-thirds of the accumulating reducing 
products from monocarboxylic acids in this reaction, owing to the 
stability of aldoses (and ketoses) to hydrogen peroxide. The 
remaining reducing substances are keturonic acids stable to 
bromine and precipitable as barium salts. Only small quantities 
of keto-5-uronic and keto-6-uronic acids are formed and these 
important secondary products of bromine oxidation of aldoses 
are not active intermediates in hydrogen peroxide oxidation of 
monocarboxylic acids. [-Sorbo-6-uronic acid requires bromine 
for salt-catalyzed oxidation but l-sorbo-l-uronic acid is actively 
oxidized by hydrogen peroxide under similar circumstances. 
Since no d-arabinose is formed from I[-sorbo-l-uronic acid, the 
pentoses originate by an interesting independent oxidative de- 
carboxylation of monocarboxylic acids in which keto-l-uronic 
acids are not intermediates. However, these acids are significant 
intermediates for more extensive degradation of carbohydrates 
by hydrogen peroxide. Monocarboxylic and keto-1l-uronic acids 
are attacked chiefly at carbon atoms 1 and 2. Polyhydric alcohols 
are also oxidized by hydrogen peroxide with formation of ketoses 
and other reducing substances. 
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Factors Controlling Muscle Water and Electrolyte. By Danm, 
C. Darrow, HerMAaN YANNET, AND HERBERT C. 
From the Department of Pediatrics, Yale University School 
Medicine, New Haven 
Cats were subjected to loss of body sodium and chloride and the 

muscle and serum analyzed for water and the principal anions and 
cations. Chloride of the muscle varies directly with the concep. 
tration in serum, as if practically all muscle chloride were present 
in an ultrafiltrate of plasma. Muscle sodium varies directly with 
the concentration of serum sodium but a larger volume of fluid is 
necessary to contain muscle sodium at the concentration of an 
ultrafiltrate of plasma than that necessary for chloride. Varia. 
tions in tissue water are largely intracellular and tissue water 
varies inversely with the concentration of sodium in serum. The 
relationship is such that when the concentration of sodium in 
serum is reduced, the concentration of univalent base in intr- 
cellular water decreases only about two-thirds as much as does 
the concentration of univalent base in serum. 

Experiments on rats show that tissue potassium varies inversely 
with intracellular sodium. When muscle potassium is normal, 
it is difficult to raise the tissue concentration but, if a rise is pro- 
duced, there is evidence of loss of muscle sodium. When musele 
potassium is abnormally low, injected potassium is readily retained 
by the muscle. Evidence is available that the factors controlling 
the distribution of muscle water and electrolyte are the same in 
adrenalectomized rats and rats with adrenals intact. 


The Colorimetric Determination of Cholic Acid. By RoperrT. 

Ditton. From G. D. Searle and Company, Chicago 

The colorimetric determination of cholic acid is an important 
analysis for those dealing with bile and bile acids. The current 
generally accepted modification of the Pettenkofer reaction (now 
known as the Gregory-Pascoe modification) is that of Reinhold 
and Wilson.* Doubilet more recently has contributed additional 
worth while changes. 

However, throughout the development of this analytical pro 
cedure numerous questions have been left unsolved, others are 
seemingly inconclusively demonstrated, and in some few cases 


* Reinhold, J. G., and Wilson, D. W., J. Biol. Chem., 96, 637 (1932). 
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contradictory remarks appear. This leaves a valuable colori- 
metric determination in an unsatisfactory and confused state. 
The factors may be divided into those which concern the method 
of preparing the bile solutions preparatory to colorimetric analysis 
and those which concern the various effects on the colorimetric 
determination itself. In the first group belong the protein pre- 
cipitation procedures with alcohol and with zine hydroxide and 
other preanalytical treatment of the sample, such as alcohol and 
alkali treatment. Studies have been carried out on these effects 
in both pure cholic acid and bile solutions so that more specific 
directions for procedure can be outlined. In the last group belong 
the effects of alcohol and salts upon the actual colorimetric 
determination of cholic acid, as well as other factors in the tech- 
nique of determination, such as original color in the bile solutions, 
stability of the furfural solutions, and the effect of alcohol and 
acetic acid addition to the final colorimetric solutions. Studies 
on these factors have cleared up several questions. 


The Determination of Ketone Groups in Ketocholanic Acids. By 
Rosert T. Ditton AND ALBERT L. Raymonp. From G. D. 
Searle and Company, Chicago 
Many procedures are described for analyzing for the ketone 

groups in organic compounds but the results attainable with the 
various modifications are inconsistent and inaccurate. The usual 
reagent is hydroxylamine, which readily reacts with the ketone 
groups present. Bryant and Smith* describe a modification of 
the usual procedure by adding pyridine to the reaction mixture, 
which apparently brings about more favorable equilibrium con- 
ditions for the reaction and may perhaps catalyze it. The useful- 
ness of this modification in synthetic work has been amply demon- 
strated, chiefly on semicarbazone formation, but as an analytical 
procedure it is, by the very nature of the method of titration, very 
limited 4n use. 

For the analysis of ketocholanic acids we have used the same 
reaction of hydroxylamine in alcoholic pyridine solution. The 
reaction of the ketone groups with hydroxylamine is carried out 
at 100° in pressure bottles. Titration of the final mixture, along 
with a suitable reagent blank, is conveniently carried out in 15 


* Bryant and Smith, J. Am. Chem. Soc., 67, 57 (1935). 
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per cent alcohol solution in which the oximes of the ketocholanie 
acids are insoluble. Titration with 0.5 n hydrochloric acid goly. 
tion is carried to a suitable end-point of about pH 3.0, with a glass 
electrode indicating system. An accuracy of better than 1 per 
cent is easily attained with ketocholanic acids such as dehydr. 
lithocholic acid, dehydrodesoxycholic acid, dehydrochenodesoxy- 
cholic acid, dehydrocholic acid, and other keto derivatives of 
cholanic acid. 

Other modifications of the hydroxylamine reaction were tried 
but the results were not satisfactory. 


Concerning the Metabolism of Testosterone to Androsterone, 
By I. DorrMan James B. HamILtTon. From the 
Adolescence Study Unit, the Laboratory of Physiological Chem. 
istry, and the Department of Anatomy, Yale University School 
of Medicine, New Haven 
After administration of the testis hormone, testosterone, to men 

with deficient testicular secretions the principal androgen excreted 

in the urine is androsterone.* In order to study the mechanism of 
this conversion we have investigated the metabolism in the human 
of testosterone, methyltestosterone, androsterone, dehydroisoan- 
drosterone, and three theoretical intermediates; namely, etioal- 
locholan-3(a)-17-diol, etioallocholan-3 ,17-dione, and etiocholen- 

(4,5)-3 17-dione. 

The compounds were administered orally except in the case of 
testosterone which was administered both orally and intr 
muscularly. The subjects were four men, three showing definite 
symptoms of hypogonadism and the fourth a surgical castrate. 
The complete output of urine was collected during the periods of 
treatment which varied from 6 to 10 days. The urines wer 
hydrolyzed with hydrochloric acid and extracted with benzene. 
The neutral compounds of the benzene extract were separated into 
the ketonic and non-ketonic fractions by means of the Girard 
Sandulesco reagent. Each fraction was assayed for androgenie 
activity. It was found that all of the compounds administered 
were absorbed from the gastrointestinal tract, as measured by 
increased excretion of androgenic substances in the urine. This 


* Callow, N. H., Biochem. J., 33, 559 (1939). Dorfman, R. I., Cook, 
J. W., and Hamilton, J. B., J. Biol. Chem., 180, 285 (1939). 
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increase was especially marked in the fraction containing the 
ketonic substances. 

Androsterone was isolated from ketonic fractions of the urines 
collected after the administration of testosterone, androsterone, 
etioallocholan-3 ,17-dione, and etiocholen(4,5)-3,17-dione. The 
isolation of androsterone after the administration of the latter two 
compounds is particularly interesting, since they may well be 
intermediates in the conversion of the testis hormone, testosterone, 
to the urinary androgen, androsterone. 


Intravenous Fat Is Not a Precursor of Cholic Acid in the Dog. 


By Mitprep E. Dosrer-VirtuE AND Ropert W. Virtus. 

From the Department of Chemistry, University of Denver, Denver 

Bile fistula dogs were maintained for consecutive 3 day periods 
on a diet of carbohydrate, on intravenously injected homogenized 
fat emulsions, and on a protein diet. Each type of material 
furnished the animals 50 calories per kilo per day. The cholic 
acid excretion on the carbohydrate and fat régimes decreased 
steadily, whereas on the protein diet it rose to high values. 


6(a)-Hydroxyprogesterone. By MaxiMILiAN EHRENSTEIN AND 

Tuetma O. Stevens. From the George S. Cox Medical Research 

Institute, University of Pennsylvania, Philadelphia 

The preparation of progesterones and desoxycorticosterones 
which are hydroxylated at various carbon atoms of the sterol 
nucleus appears desirable in order to investigate the chemical 
specificity of ‘corpus luteum hormone’”’ and “cortin’”’ action. The 
acetate of the 6(a)-hydroxyprogesterone was obtained by means of 
the following procedure: 5-pregnen-20-on-3-ol yielded with hydro- 
gen peroxide pregnan-20-on-3(8)-5 ,6(trans)-triol; m.p. 256-258°.* 
Acetylation of the latter furnished the 3 ,6-diacetate; m.p. 215.5- 
216.5°. With special precautions, a partial saponification was 
performed whereby the hydroxyl group at carbon atom 3 was 
set free. Melting point of the 6-monoacetate, 222-226°. Oxida- 
tion of the latter compound with chromium trioxide furnished 
pregnane-3 , 20-dione-5 ,6(trans)-diol 6-monoacetate; m.p. 215- 
217.5°. This compound was dehydrated by means of dry 
hydrochloric acid in a solution of chloroform. Thereby 4-preg- 


* See also Ehrenstein, M., J. Org. Chem., 4, 506 (1939). 
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nene-3 , 20-dion-6(a)-ol acetate (6(a)-hydroxyprogesterone acetate) 
was obtained; m.p. 145-146°. Saponification to the free 6(). 
hydroxyprogesterone is under way. Pregnan-20-on-3(8)-5 , 6(cis) 
is being used to prepare 6(8)-hydroxyprogesterone. 


The Distribution of Body Water in Skeletal Muscle in Normal 
Dogs Following Injections of Potassium Salts. By Liiiay 
EICHELBERGER. From the Lasker Foundation for Medical | 
Research and the Department of Medicine of the University of | 
Chicago, Chicago | 
Data will be presented on volumes of the extracellular and 

intracellular phases of skeletal muscle of normal dogs, both before 

and after increases in potassium and total body water produced 
by the intravenous injection of an isotonic solution containing 3 — 


mm KHCO; + 129 mm NaCl. These findings will be compared _ 


statistically with those obtained both previous to and following 
the intravenous injection of a solution containing 25 mm NaHC0, 
+ 129 mm NaCl on normal animals serving as controls. All data 
are expressed in terms of fat-free, blood-free muscle. 

Following the increase in body potassium and total body water, 
the total bulk of the skeletal muscle increased 69 gm. per kilo of 
original muscle as compared with an average of 58 gm. following 
the sodium chloride-sodium bicarbonate injections. This increase, 
as in the case of NaCl-NaHCO; injections, is entirely accounted 
for by the hydration of the extracellular phase, the intracellular 
phase remaining unchanged. From these findings, it is concluded 
that in the normal organism, after a simultaneous increase in body 
potassium and total body water, the additional water is distributed 
in the same way as the increased body water resulting from the 
intravenous injection of the isotonic sodium chloride-sodium 
bicarbonate solution. Therefore, in these experiments there is n0 
indication of any influence of potassium upon the distribution of 
fluid in skeletal muscle in the normal organism. 


A Study of the Permeability of the Human Erythrocytes to Potas- 
sium, Sodium, and Phosphate by the Use of Radioactive 
Isotopes. By Anna J. E1senmMaAn, L. Ort, K. SMITH, AND 
ALEXANDER W. WINKLER. From the Department of Internal 
Medicine and the Laboratory of Pharmacology and Toxicology, 
Yale University School of Medicine, New Haven 
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Transfers of potassium, sodium, and phosphate between human 
serum and red cells were studied by the use of radioactive isotopes 
(furnished through the cooperation of Dr. Ernest C. Pollard of the 
Department of Physics). After 4 hours at 38° very little if any 
radiosodium and radiopotassium entered the cells. There were 
also no significant transfers of sodium and potassium as determined 
chemically. Therefore potassium and sodium in the cells were 
not in free diffusion equilibrium with the potassium and sodium 
outside the cells. 

As much as 40 per cent of the radiophosphorus entered the cells, 
although the net transfer of inorganic phosphate, determined 
chemically, was much smaller. This is evidence that there is 
active entry of radiophosphorus and a subsequent synthesis of 
this into organic phosphates. Since the total inorganic phos- 
phates did not change, there must have been a simultaneous 
breakdown of esters to inorganic phosphate. After 4 hours at 7° 
very little transfer either of radiophosphorus or of inorganic 
phosphates could be detected. Transfer of phosphate across the 


cell membranes is thus associated with enzymatic processes and 
not with passive diffusion. 


Chemical Determination of Thiamine by the Melnick-Field 
Method. By A. D. Emmert, Gam Peacock, AnD RAYMOND 
A. Brown. From the Research Laboratories of Parke, Davis and 
Company, Detroit 
Using the Prebluda-McCollum reagent (p-aminoacetophenone) 

for vitamin B;, together with xylene, alcohol, and phenol as 
recommended by Melnick and Field, we were able to confirm their 
findings that the method gives quantitative results. We sub- 
stituted the Lovibond tintometer for the colorimeter. This 
permitted a wider range of color comparison. The results for 
thiamine solutions, extracts of wheat germ, yeast, and liver com- 
pared favorably with the bioassay values. Further, we found 
that nicotinic acid did not interfere, whereas vitamin C did, unless 
it was first oxidized by titrating with iodine. 


Salt Catalysis of Carbohydrate Oxidation. By Marx R. Everett 
AND Fay SHepparp. From the Department of Biochemistry, 
University of Oklahoma Medical School, Oklahoma City 
Published studies of carbohydrate oxidation in aqueous solution 


ate) 
3(a)- 
| 
mal 
JAN 
y of 
and 
fore 
ced 
red ee 
ata 
of 
ing 
Se, 

‘ed 
lar 
led 
dy 
ed 
im 
no 
of 
D 
/; 


XXX Scientific Proceedings. XXXIV 


have dealt largely with degradation products of slow reactions gj 
alkalinities which favor fission and dismutation. Our quantitative 
investigations of keturonic acid formation provide direct informs. 
tion concerning primary phases of carbohydrate oxidation. Com. 
prehensive studies of the effects of salts (including compounds of 
57 elements and of numerous organic acids) demonstrate that 
certain salts are very active catalysts for oxidation of carbo 
hydrates by bromine or hydrogen peroxide at pH zones near 
neutrality. Certain synergistic and antagonistic activities of ions 
in these reactions resemble ionic balances known to affect biological 
carbohydrate oxidation and the syntheses dependent upon energy 
from this source. Hydrogen peroxide oxidation is catalyzed by 
relatively few of the salts effective with bromine; of these, alkali | 
bicarbonates and copper and iron salts have especial biological 
significance. 

The oxidative catalytic activities of salts are more specifically 
related to the type of oxidant than to the carbohydrate substrate, 
Cations are the effective catalytic components of the salts and 
they usually exhibit their activities only in association with certain 
anions. However, anionic components of copper and iron salts 
tend to be less important for catalysis of oxidation by hydrogen 
peroxide. There is evidence that some of the most effective 
anions (tungstate, stannate, molybdate, borate, pyroantimonate, 
bicarbonate, hydroxide, and titanate) form inactive carbohydre- 
anion complexes which are activated by combination with ap 
propriate cations. Salt catalysis evidently operates through 
coordination complexes of the type: 

oxidant salt carbohydrate 


cation+ anion~ cation*+ anion~ (HO), 


Effect of Various Endocrine Extracts upon the Amino Acids in the 
Blood of Dogs. By Ler E. Farr anp Louis K. 
From the Hospital of The Rockefeller Institute for Medical 
Research, New York 
The discovery by Farr and MacFadyen of a chronic amino acid 

deficit in the blood plasma of nephrotic children and of acute 

exacerbations of this deficit during nephrotic crises directed atte 
tion to a search for mechanisms controlling the level of blood 
amino acids. Using Van Slyke, Dillon, and MacFadyen’s* specifit 


* Van Slyke, Dillon, and MacFadyen, unpublished work. 
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ninhydrin method for determining blood amino acid content, we 
confirmed previous investigators’ observations that epinephrine and 
insulin given subcutaneously decrease the plasma amino acids. 
On the other hand, pitressin, antuitrin-S, adrenal cortical hormone, 
testosterone propionate, and thyroxine injected intravenously 
increase the plasma amino acids. Growth-promoting substance 
of the anterior pituitary shows a peculiar behavior: intraperi- 
toneally it decreases plasma amino acids, but intravenously it 
raises them. None of the amino acid changes was accompanied 
by significant changes in blood urea nitrogen. Changes in the 
plasma amino acids after insulin were not accompanied by cor- 
responding changes in cell amino acids. 


The Microbiological Determination of Riboflavin. By R. E. 
Freeney AND F. M. Srrona. From the Department of Bio- 
chemistry, University of Wisconsin, Madison 
Evidence that the microbiological assay of Snell and Strong 

measures not only free riboflavin but also combined forms was 
obtained by successful assays of Warburg’s flavin-adenine di- 
nucleotide and two samples of milk flavoprotein. The addition 
of relatively large amounts of vitamin Bs, pantothenic acid, 
nicotinic acid, factor W, biotin, cocarboxylase, cozymase, and 
adenylic acid to the basal medium had no significant effect on 
the assay of pure riboflavin. 

Investigations of experimental conditions involved in various 
analytical procedures for riboflavin showed that the following may 
cause serious destruction as measured by the bacteriological assay: 
exposure to diffuse daylight for more than a few minutes, auto- 
claving at a pH above 8.0, autoclaving with strong acids more 
concentrated than 0.1 N, oxidation with KMn0O, in acetic acid 
solution, refluxing with in HSO,-acetone (1:3) solution. 
Dry materials containing riboflavin were stored in the dark at room 
temperature for extended periods without appreciable losses. 

The method has been extended with fair success to a number of 
human and animal bloods, and with entire success to urine, feces, 
Lloyd’s reagent carrying adsorbed riboflavin, and a variety of 
other materials. 


Gastric Emptying and Intestinal Absorption of Glucose Solutions 
in the Rat. By P. F. Fenton anv H. B. Prerce. From the 
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Department of Physiological Chemistry, College of Medicin, 

University of Vermont, Burlington 

Glucose solution of known volume, pH, and concentration wa; 
fed to fasted adult rats by stomach tube. At the end of a definite 
time interval (15, 30, 45, or 60 minutes) the animals were sacrificed, 
the abdomen slit open, and ligatures placed at the cardia, pylorus 
and ileocecal sphincter. The stomach and small intestine wer 
removed and their glucose, chloride, and fluid contents determined 
by suitable chemical methods. The pH of the gastric fluid was 
determined with a micro glass electrode. From the known concep. 
trations and volumes of solution at the beginning and end of the 
experimental period, the volume of gastric secretion, the volume 
of fluid and amount of glucose emptied from the stomach, and the 
amount of glucose absorbed were calculated. 


The volume of gastric secretion was found to be almost identical | 


for isotonic and 64 per cent glucose solutions; however, the pHa 
gastric fluid in the latter case was distinctly higher, indicating a 
inhibition of secretion of gastric juice and an augmented secretion 
of non-acid fluid, probably water and mucus. 

The volume of fluid emptied per unit time was less with 64 per 
cent glucose than with isotonic solution, although more glucose 
was emptied with the former owing to the much greater concentn- 
tion of the test solution. 

The amount of sugar emptied and the amount absorbed ip 
creased with the concentration of the test solution. Furthermor, 
the rate of emptying and the rate of absorption were not linear 
functions but rather decreased markedly during the time interval 
studied. 


Muscle Glycogen Resynthesis after Exercise. By Eunice J. 
FiLock AND Jesse L. Bottman. From the Division of Exper 
mental Medicine, The Mayo Foundation, Rochester, Minnesola 
Muscles of one hind leg of rats anesthetized with nembutal were 

stimulated directly to contract isotonically three times eath 

second. Analysis of the muscles of each leg at subsequent inter 
vals showed a rapid disappearance of glycogen, 60 to 80 per cent 
being lost within the first 3 minutes. Only minor changes of the 
glycogen content occurred with subsequent continuous work 
With rest after work the high concentrations of lactic acid and 
hexosemonophosphate in the muscle return to normal before a 
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increase in the low glycogen content can be detected. After 30 
minutes rest a definite increase of glycogen is found and normal 
values are approximated after 1 to 3 hours. The rate of glycogen 
resynthesis is not materially altered by variations in the glucose 
content of the blood produced by hepatectomy, insulin, adrenalin, 
or by glucose administration. There is some delay in the rate of 
recovery after a fast of 48 hours. 

In rats poisoned with iodoacetate, cyanide, or azide, or when the 
muscle is deprived of its blood supply contraction ceases after the 
Ist minute of stimulation. The changes in the muscle constituents 
are similar to those found after corresponding work in normal 
animals. With rest after work no change in glycogen occurs and 
the lactic acid content of the muscle may remain elevated. The 
glycogen content of the resting leg is surprisingly little affected 
in the first 30 minutes. 


Notes on Gasometric Plasma Lipid Analyses. By Jorp1r Foucn, 
H. A. ScunerperR, AND Donatp D. Stryke. From the 
Hospital of The Rockefeller Institute for Medical Research, New 
York 
Free Cholesterol—When petroleum ether solutions of plasma 

lipids are taken to dryness, as in precipitation of cholesterol 

digitonide in the procedure of Kirk, Page, and Van Slyke,* a slight 
amount of other organic matter in the extract becomes insoluble 
in both the ether and hot water used for washing the precipitate. 

In consequence the precipitate, when measured by its carbon 

content, gives results about 20 per cent too high. This error does 

not affect the total cholesterol estimation; apparently saponifica- 
tion alters the contaminant so that it no longer interferes. The 
error in free cholesterol is avoided by precipitating the digitonide 
in a medium containing water, absolute alcohol, and ether in the 
proportions 2:9:9. The precipitate forms quantitatively without 
taking to dryness when the mixture is kept overnight in an ice box. 

Lipid Amino Nitrogen—In the plasma lipids purified as recently 
described,t a large part of the N: set free by reaction with HNO, 


" * Kirk, E., Page, I. H., and Van Slyke, D. D., J. Biol. Chem., 106, 203 
934). 

t Folch, J., and Van Slyke, D. D., Proc. Soc. Exp. Biol. and Med., 41, 
514 (1939). 
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under conditions used for lipid NH, determination* is due to the act 
unsaturated groups in the fatty acids, one unsaturated linking Pa 
evolving from HNO; about 0.12 mole of Ne. When saturated as kic 
completely as possible in ether solution with H, in the presence of the 
Pt catalyst, the total lipid mixture from human plasma yields with of 
HNO; only 0.02 to 0.08 mole of N» per atom of phosphorus present, val 
indicating but little free amino nitrogen in the phosphatides, the 
Short hydrolysis with HCI sets free a water-soluble nitrogen com- in 
pound, which reacts with HNO, only after further prolonged pre 
hydrolysis. spe 
Seasonal Variation in the Metabolism of the Pneumococcus. By cal 
Tueopore E. FrrepeMann. From the Laboratory of Chemical sar 
Bacteriology, the Department of Medicine of the University of thy 
Chicago, Chicago the 
An examination of metabolic data obtained over a period of ob: 
several years, from 1930 to 1937, reveals a marked seasonal varia- 
tion in the intermediary metabolism of carbohydrate. The maxi- lin 
mum yield of 95 per cent of lactic acid is attained in July and ty! 
August. Traces of volatile products are also produced, The the 
? yield of lactic acid then diminishes gradually until a minimum of as 
hs about 45 per cent is reached in January and February. Large str 
: . quantities of formic acid, acetic acid, and ethyl alcohol, produced 
ie in the ratio of 2:1:1, are present in the culture medium at this Eff 
time. 
The culture medium was prepared from fresh beef muscle just 
before each experiment. These data for the first time demonstrate | 
a difference in the composition of such culture media which is 
| sufficiently great to affect the metabolism of bacteria. Marked an’ 
¥ variations in the intermediary metabolism are probably accom- pre 
., panied by deep seated changes in other functions. A study of such as 
pe variations, especially as related to the many seasonal changes wa 
2 observed in animals, may throw light upon the perplexing problem dey 


of the seasonal occurrence of certain infectious diseases. 


ser 

The Specificity of Proteolytic Enzymes from Normal and Tumor ex] 

Tissues. By JoserHS.Frvuron. From the Laboratories of The pre 

Rockefeller Institute for Medical Research, New York lip 

i The availability of substrates of known structure and configura ins 
r tion has made possible a precise study of the specificity and m¢ 
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activation phenomena of the intracellular proteolytic enzymes. 
Partially purified extracts of beef spleen and beef and swine 
kidney have been found to hydrolyze an extensive series of syn- 
thetic peptides and peptide derivatives. In their action on most 
of these substrates, the enzyme preparations are decisively acti- 
vated by the addition of substances such as cysteine, glutathione, 
the ascorbic acids, or HCN. From these studies it appears that 
in spleen and kidney extracts there are at least three types of 
proteolytic activity that may be characterized by their structural 
specificity and activation behavior. 

Enzyme preparations from six tumors (Brown-Pearce rabbit 
carcinoma, Bashford mouse carcinoma, mouse Safcoma M-180, 
sarcoma of human bone, and carcinomas of human breast and 
thyroid) also hydrolyze a number of the synthetic substrates; 
the enzymatic action of these extracts is usually less than that 
observed with extracts of the normal tissues. 

In the case of two tumor extracts it was noted that peptide 
linkages involving d-amino acids (e.g. carbobenzyloxy-d-glutamy]-l- 
tyrosine or d-leucineamide) were hydrolyzed at rates similar to 
those for the corresponding /lforms. Extracts of the normal tissues 
as well as the other tumors hydrolyzed the | form of these sub- 
strates much more rapidly than the corresponding d forms. 


Effects of Anterior Pituitary Preparations in Experimental Pan- 
creatic Diabetes. By Henry GArEBLER AND HARRY 
W. GatsraitH. From the Department of Laboratories, Henry 
Ford Hospital, Detroit 
This study is concerned with acute effects of single injections of 

anterior pituitary preparations, not with the permanent glycosuria 

produced in intact animals by prolonged injections. It concludes 

a series of studies in which the same preparation, in the same dose, 

was administered to normal and phlorhizinized dogs, and to 

depancreatized dogs maintained by diet and insulin. 

In normal animals no definite diabetogenic effects were ob- 
served; on the contrary, the nitrogen storage reported in earlier 
experiments was obtained. In depancreatized dogs the same dose 
produced marked glycosuria, ketonuria, hyperglycemia, and 
lipemia. It was necessary to double the maintenance dose of 
insulin, and the increased insulin requirement persisted for a 
month or more. 
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In meat-fed phlorhizinized dogs the same dose increased the 
ketonuria, but both nitrogen and glucose output were lower than 
in controls receiving phlorhizin alone, and the D:N ratio was 33. 
There was thus no evidence for increased conversion of protein or 
fat to glucose. In depancreatized dogs, if the injection of the 
growth preparation was accompanied by doubling of the insulin 
intake, the hyperglycemia and glycosuria were still produced, 
although the nitrogen output was diminished markedly, thus 
again eliminating protein as the source of the sugar. Interference 
with carbohydrate oxidation, and perhaps glycogen loss, remain as 
the most plausible explanations of the acute effects in depancrea- 
tized dogs urider our conditions. 


The Oxidation of Bile Acid Esters by Aluminum Isopropylate 
and Acetone. By T. F. GatLacuer. From the Department of 
Biochemistry of the University of Chicago, Chicago 
The oxidation of the esters of bile acids (cholic, desoxycholie, 

and 3-hydroxy-A-5-cholenic) by means of aluminum isopropylate 
in the presence of acetone and other ketones has been studied. 
The reaction appears to attain equilibrium with the production 
of compounds in which only the hydroxyl group at carbon atom 
3 is oxidized. The ethyl esters of cholic acid and 3-ketocholie 
acid form a series of mixed crystals and probably a 1:1 molecular 
compound. The oxidation of other steroids is being investigated 
in order to determine whether the hydroxyl at carbon atom 3 is 
specifically oxidized. The biological properties of 3-ketocholie 
acid have been studied. 


The Oxidation of Vitamin E. By Catvin Gotumsic. From the 
Biochemical Laboratory, State University of Iowa, Iowa City 
a-Tocoquinone, the first oxidation product of a-tocopherd 

which can be isolated, possesses no vitamin E activity. The 

same is true of the related a-tocohydroquinone and a-tocohydro- 
quinone triacetate. The biological significance of these results 
is discussed in relation to the several reversible oxidation-reduction 
systems produced by in vitro oxidation of a-tocopherol. On the 
assumption of the existence of a tocosemiquinone, three of such 
systems are possible. 

An approximation of the “apparent oxidation potential” of 
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synthetic a-tocopherol was secured by oxidation of the compound 
with benzoquinone and methylquinones followed by electrometric 
analysis of the product for unchanged tocopherol. By this 
method, the “apparent oxidation potential” was found to lie in 
the range of a mono- or dimethylhydroquinone. Benzohydro- 
quinones or benzoquinones with oxidation-reduction potentials in 
this region did not function as vitamin E. Properties other than 
the mere possession of an oxidation-reduction potential in the 
proper range are requisite for vitamin E activity of a substance. 


Intestinal Absorption of Vitamin A in the Normal Rat. By 
E. LeB. Gray, KENNETH MorGAREIDGE, AND JoHn D. Caw- 
Ley. From the Laboratories of Distillation Products, Inc., and 
the Department of Biochemistry and Pharmacology, The Uni- 
versity of Rochester School of Medicine and Dentistry, Rochester, 
New York 
Evidence is accumulating that indicates a higher conversion 

factor for vitamin A esters than for the alcohol, which has led to 

some speculation concerning the possibility that vitamin A esters 
may be absorbed as such without hydrolysis to the alcohol. 

Thirty-six adult female rats were each given by stomach tube a 

single dose of 54,000 vu.s.P. units of distilled vitamin A ester in 1.0 

ec. of corn oil. At regular intervals up to 400 minutes, groups of 

four rats were etherized and the gastrointestinal tract from the 
esophagus to the ileocecal junction ligated and removed intact. 

The stomach and gut contents were washed out with saline and 

total lipid extracts of both washings and gut wall (including the 

stomach) prepared in the usual manner. Total vitamin A of the 
extracts was determined. Recoveries of the dose fed ranged from 

40 to 60 per cent. The samples were then distilled by analytical 

technique to determine the ratio of vitamin A esters to alcohol. 

It was found that the per cent of alcohol in the gut increased 

steadily from 4.4 per cent at 80 minutes to 16.2 per cent at 400 

minutes, while the alcohol in the gut wall increased from 59.2 per 

cent at 220 minutes to 81.9 per cent at 400 minutes. The alcohol 
content of the original preparation was less than 1 per cent. 

These results indicate that vitamin A esters are hydrolyzed in the 

gut prior to absorption, and that during the height of absorption 

the vitamin exists in the gut wall chiefly as the alcohol. 
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Factors Concerned in the Development of Tetany by the Rat. By 
Davip M. GREENBERG, Murtret D. D. AND Benya. 
MIN W. Knorr. From the Division of Biochemistry, University 
of California Medical School, Berkeley 
A study has been made of the relation of certain dietary and 

hormonal factors to the production of tetany in the rat. 

Extreme lack of calcium in the diet, alone, does not produce 
tetany, even though the blood calcium drops to extremely low 
levels. Tetany will result if the diet is deficient both in vitamin 
D and calcium. 

On the low calcium diet, tetany is produced by removal of the 
parathyroids and even more effectively by removal of the thyroid 
with the parathyroids. 

The attacks of tetany produced by the different procedures 
pursue a like course but show a difference in response to different 
stimuli. Attacks can be induced with a galvanic shock but not 
with the sound of an air blast in tetany associated with vitamin D 
and calcium deficiency or with healing rickets. Both stimuli are 
effective in tetany due to thyroparathyroidectomy, and the air 
blast only is an effective stimulus in the tetany of magnesium 
deficiency. 

Involvement of the central nervous system in the syndrome of 
tetany is shown by the following: (a) The rats are more sensitive 
to the mid-brain drug picrotoxin, (b) sedative doses of amytal and 
pentobarbital prevent the onset of attacks, and (c) rats with spi- 
nal transection reacted with the fore body but not with the hind 
extremities in attacks. 


Effect of Salts on the Physical Properties of Sodium Thymo- 
nucleate. By Jesse P. Greenstern. From the National 
Cancer Institute, United States Public Health Service, Bethesda, 
Maryland 
Aqueous solutions of sodium thymonucleate are highly viscous 

and possess intense double refraction of flow. These properties 

are related to the extreme asymmetry of the highly polymerized 


nucleic acid molecules. 

The effect on these properties of a large number of inorganic and 
organic salts over a wide concentration range has been investi- 
gated. Protein-free, native sodium thymonucleate (Hammarsten) 
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was used. Certain of the results may be summarized as follows: 
(1) All of the salts studied markedly reduce the viscosity and 
either diminish or destroy the streaming birefringence, the extent 
of the effect depending upon the nature and the concentration of 
the salt; (2) the most effective cation in this regard is guanidonium 
and the most effective anions are iodide and thiocyanate; (3) 
coincident with the drop in viscosity and loss of double refraction, 
the solution of salt and nucleic acid becomes isotropic and no 
longer light-scattering; (4) the effect is apparently completely 
reversible; z.e., removal of the salt restores the original viscosity, 
light scattering, and intensity of birefringence. 


The Sulfhydryl Groups of Rabbit and Calf Liver Nucleoprotein. 
By Jesse P. Greenstern. From the National Cancer Institute, 
United States Public Health Service, Bethesda, Maryland 
A nucleoprotein fraction from rabbit and from calf liver has 

been isolated by a procedure based upon repeated isoelectric 

precipitation in the presence of 0.8 m salt, followed each time by 
thorough washing at the centrifuge with 0.8 M salt. Six precipita- 
tions were performed; after the third a constant N:P ratio was 
obtained. All procedures were conducted at 5°. The protein 
freed of salt was dried under high vacuum at low temperature. 

The yield was consistently 10 gm. from 2 kilos of wet tissue. 

Four preparations of rabbit protein yielded the following average 
values, N 15.8, P 0.71, amide N 1.0,8 0.84. Two preparations of 
calf protein yielded N 14.9, P 0.82, 8 0.95. 

All the preparations gave a strong nitroprusside reaction. The 
free —SH groups of the proteins in the native and denatured states 
were estimated by porphyrindin titration and expressed as cys- 
teine. For native rabbit protein a value of 1.4 per cent cysteine 
was obtained; after denaturation with guanidine hydrochloride 
exactly the same value was obtained. Native calf liver protein 
gave a value of 0.6 per cent cysteine; after denaturation the value 
rose to 0.8 per cent. Apparently in the rabbit protein, in contrast 
to the calf, there are no “masked” sulfhydryl groups—all of the 
groups are titratable in the native state. Cysteine accounts for 
half the total sulfur in the rabbit protein and for approximately 
one-fourth in the calf protein. 
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A Crystalline Protein from Normal Human Urine. By Marry 
E. Hanke. From the Department of Biochemistry of the Uni- 
versity of Chicago, Chicago 
About 50 mg. of protein per liter of normal urine are precipitated 

by addition of 1 per cent ammonium sulfate and several hours 
standing. The material is collected by centrifugation, washed 
twice with 1.5 per cent ammonium sulfate, extracted with water, 
and precipitated by adding alcohol to 65 per cent. Further 
purification can be effected by extraction with water, and repre- 
cipitation with 65 or 80 per cent alcohol, in the presence of 2 or 0.5 
mg. of NaCl per cc., respectively. As previously reported,* these 
preparations, in a 1 mg. dose, markedly inhibit gastric secretion 
and motility in dogs. Biuret, the glyoxylic acid test for trypto- 
phane, and the Millon test for tyrosine are positive. The protein 
is not heat-coagulable, is non-dialyzable through cellophane, and 
gives a strong Molisch test. 

When this crude protein preparation is dissolved in 33 per cent 
of saturated ammonium sulfate and gradually in 1 day is brought 
to 35 and finally in 2 more days to 38 per cent of saturated am- 
monium sulfate, microscopic needles separate, which, after re- 
moval of the mother liquor, may be recrystallized. The yield of 
crystals is about 5 per cent of the crude protein, or 2 mg. per liter 
of urine. Further increase in the ammonium sulfate concentration 
causes amorphous precipitation of the bulk of the protein. As 
distinct from the crude protein, the crystals give a negative 
Molisch test, and show about half as much gastric inhibitory 
activity. Biuret, glyoxylic acid, and Millon reactions are strongly 


positive. 


The Rate of Turnover of the Lecithins and Cephalins of Rat 
Carcinosarcoma 256 As Measured by Radioactive Phosphorus. 
By Frances L. Haven.* From the Department of Biochemistry 
and Pharmacology, School of Medicine and Dentistry, The 
University of Rochester, Rochester, New York 
By the use of radioactive phosphorus it has previously been 

shown that in their rate of turnover the phospholipids of rat 


* Necheles, H., Hanke, M. E., and Fantl, E., Proc. Soc. Exp. Biol. and 
Med., 42, 618 (1939). 
* Fellow of the National Cancer Institute. 
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Carcinosarcoma 256 resemble those of liver rather than those of 
musele. The rate of turnover of the lecithin fraction of this tumor 
has been found to be more rapid than that of the cephalin fraction. 
Rats bearing Carcinosarcoma 256 were killed from 4 hours to 
26 days after receiving by stomach tube a solution of disodium 
hydrogen phosphate containing radioactive phosphorus. Tumor 
phospholipids were isolated and the lecithin and cephalin fractions 
separated by means of absolute alcohol. The degree of separation 
was measured by choline determinations on the total mixed 
phospholipid and on the lecithin fractions. The radioactivity, 
expressed as percentage of dose per gm. of phospholipid, was 
significantly greater in the lecithin fraction than in the cephalin 
fraction from 4 through 30 hours after feeding. The activities 
then became about the same and decreased at approximately the 
same rate. This is indicative of a further resemblance between 
the phospholipids of this tumor and those of liver, since the lecithin 
fraction of rat liver has been found (Chargaff) to possess greater 
activity than the cephalin fraction 24 hours after administration 
of radioactive phosphorus, while the activities of these fractions 
obtained from the carcass were approximately the same. 


Studies on Additional Factors Required by the Chick. By D. 
Mark J. J. Oteson, C. A. ELvensem, AND E. B. 
Hart. From the Department of Biochemistry, University of 
Wisconsin, Madison 
Using a simplified diet, adequate in the vitamin B complex, we 

have demonstrated the existence of an essential growth factor for 

chicks, present in cartilage, kidney, and rice and distinct from the 

anti-gizzard erosion factor.* Cartilage, which is low in the B 

vitamins, can be advantageously used as a source of this growth 

factor and the gizzard factor in purified diets for the study of the 

B complex requirements of the chick. 

The diet used consists of dextrin 57 per cent, casein 18, cartilage 
15, salts 5, soy bean oil 5, and vitamins A and D concentrate. 2 
mg. per kilo of thiamine and riboflavin are added. When this 
diet, supplemented with 3 per cent alcohol-soluble liver extract, is 
fed, poor growth is obtained unless crystalline vitamin Be is added, 


se Hegsted, D. M., Oleson, J. J., Elvehjem, C. A., and Hart, E. B, J. 
Biol. Chem., 180, 423 (1939). 
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showing the need for this vitamin. If supplements of a fuller’ 
earth filtrate of liver extract and vitamin Bs are used, optimum 
growth results only if a factor U concentrate, prepared from yeast, 
is added. In spite of this improved growth, the chicks develop 
severe dermatitis, similar to that observed in pantothenic aeid 
deficiency, even if high levels of pantothenic acid are added, 
This dermatitis is prevented by yeast or yeast residue remaining 
after factor U extraction. The properties and distribution of this 
factor indicate that it may be the same as the anti-egg white 

injury factor (vitamin H). | 


Some Properties of “Angiotonin.” By O. M. Heimer anp 
Irvine H. Pace. From the Lilly Laboratory for Clinical 
Research, Indianapolis City Hospital, Indianapolis 
Recently Page and Helmer* reported that a highly active water- 

and alcohol-soluble pressor substance is formed when renin is 

incubated with renin activator prepared from blood serum. For 
this pressor substance we have suggested the name ‘‘angiotonin.” 

Angiotonin differs sharply from both renin and activator in that 

it can be boiled without loss of activity. 

Angiotonin is not soluble in organic solvents such as acetone, 
ether, amyl and butyl alcohol, or chloroform. It appears to be 
adsorbed readily on norit and metallic sulfides. Regenerated 
from the crystalline picrate, it retains the fluorescence in ultra- 
violet light which characterized it before the picrate was formed. 
The only positive color reaction found is that of Sakaguehi. 
Additional chemical and physical properties of angiotonin will be 
presented. 


The Relation of the Excretion of Gastric Juice and of Urine to the 
Alkalosis of Hydrazine Intoxication in the Rabbit. By Byroy 
M. Henprrx, D. Bartey CaLvin, Max M. GREENBERG. 
From the Laboratory of Biological Chemistry, School of Medicine, 
University of Texas, Galveston 
It has been shown that hydrazine produces an alkalosis in dogs 

when administered in suitable doses. Since this substance causes 

considerable vomiting in dogs, we have used rabbits to study the 
alkalosis of hydrazine intoxication. We have obtained data on 


* Page, I. H., and Helmer, O. M., J. Exp. Med., 71, 29 (1940).- 
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twenty-four rabbits which show the development of alkalosis in 
this animal after the administration of hydrazine. A study of the 
acid content of the stomachs of hydrazine-intoxicated rabbits 
showed a greater amount of acid than in control animals which 
had been fasted as long as the experimental ones. The increase 
in acid in the stomachs was proportionally greater than the increase 
of available alkali in the plasma. There was not a significant 
decrease in the chloride of the plasma; hence it may be suggested 
that some neutral chloride has been mobilized from the extra- 
cellular fluid, the base remaining in the blood and the chloride 
appearing in the stomach as free hydrochloric acid. There was 
not an increase in urine base or a decrease in urine acid; hence the 
condition differs from the alkaline tide which follows the normal 
secretions of hydrochloric acid by the stomach. This effect upon 
the gastric mucosa occurs so promptly following the administration 
of hydrazine that it would appear to be a primary effect of the 
intoxication and not secondary to the action of hydrazine on the 
liver. 


Cystinuria; the Effect of Feeding Methionine and Other Amino 
Acids on the Excretion of Cystine. By W. C. Hess anp M. X. 
Sutiivan. From the Chemo-Medical Research Institute, George- 
town University, Washington 
We have previously reported* that feeding both methionine and 

cystine to a cystinuric did not increase the cystine content of the 

urine. Recently we have studied another marked case of cysti- 
nuria. As previously, estimations were made by the Sullivan 
method of free cystine in the urine, cystine in the sediment, and 
cystine liberated by hydrolysis. Feeding 2 gm. of methionine 
per day for 3 successive days produced an increased output of 
cystine. The ingestion of 5 gm. of alanine upon 2 successive days 
produced an equally marked increase in cystine output, while 
daily feeding of 5 gm. of glutamic acid for 2 days produced no 
increase in the cystine output. As judged by the total sulfur of 
the urine, the dietary intake was about the same in each period 
and increase in water intake had little effect on the total cystine 
excreted. The possible relationship of the increased cystine out- 


* Hess, W. C., and Sullivan, M. X., Proc. Am. Soc. Biol. Chem., J. Biol. 
Chem., 128, p. lv (1938). 


ers’ | 
ast, 
lop | 
cid | 
his 
ite 
al 
r | 
t | | 
| 
j 
4 


xliv Scientific Proceedings. XXXIV 


put to the specific dynamic action of the amino acids fed is being 
further studied with other amino acids. 


Exchange of Radiophosphate by Dental Enamel. By Grong 
von Hevesy anpD W. D. Armstrone. From the Institute for 
Theoretical Physics and Laboratory of Zoophysiology, Copen- 
hagen, Denmark 
The enamel of the mature permanent teeth of cats was separated 

by two independent methods 4 days after subcutaneous injection 
of very potent preparations of radioactive phosphate. Per gm. 
the activity of the enamel was 6.7 to 10 per cent of that of dentin, 
0.0023 to 0.0076 per cent of the total activity was found per gm. 
of enamel. The P® content of the enamel became constant on 
repeated repurification, indicating insignificant contamination 
with dentin. Experiments in vitro showed that the P® acquired 
by enamel in vivo is apparently not derived from saliva. The 
results indicate a slow exchange of phosphorus but not an ability 
of enamel to undergo significant changes of composition after 
eruption, as a result of nutritional alterations. 


The Molecular Constitution of the Calcium Phosphates. The 
Concentration Limits for the Precipitation of Secondary Calcium 
Phosphate and of Hydroxylapatite. By Haro_p CARPENTER 
Hopee. From the Department of Biochemistry and Pharma- 
cology, School of Medicine and Dentistry, The University of 
Rochester, Rochester, New York 
In electrometric titrations of calcium hydroxide and phosphorie 

acid at constant temperature, limits have been established for 

the relative concentrations of these reagents at which (1) only 
secondary calcium phosphate crystals are precipitated, (2) only 
hydroxylapatite is precipitated. Intermediate concentrations 
give mixtures of secondary calcium phosphate and hydroxylapa- 
tite. Microscopic examinations of the precipitates were a useful 
adjunct to x-ray diffraction measurements. The acidity (pH 6 
or less) of the solutions from which secondary calcium phosphate 
crystals are formed makes improbable the hypothesis that CaHPO 
plays an important initiating réle in calcification invivo. Further 
more, in vitro systems have been prepared in which hydroxylapa- 
tite precipitates are shown to be in equilibrium with solutions com 
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taining calcium and secondary phosphate ions in analogy with 
the bone-blood equilibria. 


Anemia from Lysine Deficiency in Deaminized Casein. By 
Aupert G. Hoean, E. L. AnD E. GuERRANT. 
From the Department of Agricultural Chemistry, University of 
Missourt, Columbia 
Rats recover from anemia due to deaminized casein and gain 

in weight when casein, hydrolyzed casein, or one of the copper 
salt fractions of hydrolyzed casein is added to the anemia-produc- 
ing ration. It was concluded therefore that the anemia is caused 
by a deficiency of, or increased demand for, one or more amino 
acids. Various amino acids were examined for antianemic ac- 
tivity and eventually it was observed that when anemic rats 
were supplied with 65 mg. daily of d-lysine they recovered and 
gained in weight. If they received 130 mg., the rate of recovery, 
and of gain in weight, was accelerated. Various other amino 
acids were examined but none was effective. 

If rats are placed on rations that contain 20 per cent of deamin- 
ized casein as the only source of protein, they seldom survive 
longer than 2 weeks. The addition of 2 per cent of d-lysine to 
such a ration permits slow recovery but no growth, and the ad- 
dition of 4 per cent permits rapid recovery and a subnormal rate 
of growth. The explanation for this inordinately large require- 
ment is not now apparent. In tests made up to date the addition 
of the other essential amino acids had no effect. 


The Isolation of Dihydrotheelin from Human Placenta. By 
M. N. HurrMan, Stpney A. THAyer, AND Epwarp A. Dotsy. 
Frem the Laboratory of Biological Chemistry, St. Louis Uni- 
versity School of Medicine, St. Louis 
The non-ketonic fraction of an extract of 422 kilos of human 

placenta was obtained from W. W. Westerfeld after his removal of 

ketones with Girard’s reagent. Following the distribution of 
this non-ketonic fraction between benzene and 0.3 mM sodium car- 
bonate (A. Mather, unpublished), bioassay indicated the presence 
of approximately 16 mg. of dihydrotheelin. 

By methods of purification previously used in this laboratory, 
one-half of the non-ketonic fraction was concentrated to 23 mg. 
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By naphthoylation 6.80 mg. of pure a-dihydrotheelin dia 
naphthoate (= 3.08 mg. of a-dihydrotheelin) were obtained, in 
spite of the fact that two treatments with norit, two recrystalliza- 
tions from acetone, and four recrystallizations from alcohol were 
necessary to obtain a pure product. 

This represents 6.16 mg. of a-dihydrotheelin in the total pla- 
cental extract as compared with the 12 mg. of pure theelin pre 
viously isolated. Bioassay on the ketonic fraction had indicated 
a total of 15 mg. of theelin present; our bioassays on the non- 
ketonic fraction have shown 16 mg. of a-dihydrotheelin and 60 
mg. of theelol. 

The isolated a-dihydrotheelin di-a-naphthoate melted at 191.5- 
192.5°; a mixed melting point with an authentic sample of « 
dihydrotheelin di-a-naphthoate (m.p. 194.0-194.5°) was 192.5- 
193.5°. Analysis, C 82.70, H 6.35; calculated for di-a-naph- 
thoate, C 82.72, H 6.25. 

A portion of the a-dihydrotheelin di-a-naphthoate was hy- 
drolyzed with potassium hydroxide. The phenol was recovered 
and crystallized from aqueous alcohol after having been treated 
with a small amount of norit, m.p. 170-170.5°; a mixed melting 
point with authentic dihydrotheelin (m.p. 172.5-173°) was 
173-174°. 


The Cholesterol Content of Plasma and Erythrocytes As Related 
to Thyroid Activity. By Herries B. Hucues. From the Christ 
Hospital Research Institute and the Department of Biochemistry, 
College of Medicine, University of Cincinnati, Cincinnati 
The present report concerns a study of the effects of experimen- 

tal variations in thyroid activity on the blood cholesterol of the 

dog. Variations in the free and total cholesterol content of the 
plasma and erythrocytes of normal dogs have been compared 
with those produced by (1) administering thyroxine or desiccated 
thyroid gland to dogs with intact thyroids, (2) thyroidectomy, 
and (3) administering thyroxine and thyroid gland to thyroideec- 
tomized dogs. The results show that none of these procedures 
altered the free or total cholesterol content of the erythrocytes. 

The effects on the plasma cholesterol were as follows: (1) Ad 

ministration of thyroxine or desiccated gland to dogs with intact 

thyroids had a variable effect on the total cholesterol. Treat 
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ment of dogs with high or average normal cholesterol levels re- 
duced the cholesterol to low normal levels. Treatment of dogs 
with low normal levels was without effect. Moderate doses of 
thyroid substance were as effective as massive doses. (2) Thy- 
roidectomy was followed by a 100 to 300 per cent increase in 
plasma cholesterol. (3) Administration of small amounts of thy- 
roxine or desiccated gland to the thyroidectomized dog reduced 
the cholesterol to normal levels; administration of larger amounts 
reduced the cholesterol to subnormal levels. (4) During these 
changes in total cholesterol the proportions of free cholesterol 
remained constant. 

Other experiments have shown that the above changes were not 
due to fasting, alterations in blood volume, impaired or accelerated 
excretion of biliary cholesterol, or differences in retention of 


cholesterol by tissues. 


A Study of the Effect of Altitude on Basal Metabolism. By AL- 
BERTA ILIFF, ANNA Marie Duvat, GLapys M. KINsMAN, 
AND Ropert C. Lewis. From the Child Research Council 
and the Department of Biochemistry, University of Colorado 
School of Medicine, Denver, and the School of Home Economics, 
Oklahoma Agricultural and Mechanical College, Stillwater 
In a study of the energy metabolism of the children of the Child 

Research Council at Denver during the past 8 years, sufficient 

data have been accumulated to establish normals for the different 

age groups of children from 2 through 15 years old, inclusive. 

Reports in the literature seem to indicate that, at least for eleva- 

tions under 10,000 feet above sea level, altitude is not a factor in 

the determination of basal metabolism. However, the question 
has been raised so often as to whether the normal values estab- 
lished in Denver (altitude 5280 feet) can be used as standards at 
lower altitudes that it seemed desirable to subject this question 

to experimental test. Since it was impracticable to make such a 

study on children, adults (five women and two men) were used. 

The basal metabolism of all seven subjects was determined at 

Denver, Colorado (altitude 5280 feet), and at Stillwater, Oklahoma 

(altitude 910 feet), and in case of four of the subjects also at 

Eldora, Colorado (altitude 8720 feet). The subjects remained 

at each altitude sufficiently long to become acclimatized as 
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judged by certain values (erythrocyte count, hemoglobin, red 
cell volume, and blood specific gravity) for the measurement of 
physiological function. Basal metabolism determinations were 
made almost daily during the period of adjustment to the change 
in altitude and for some days after acclimatization had become 
accomplished. The results of this study indicate that altitude 
up to 8720 feet has no influence on the determination of basal 


metabolism. 


Chlorophyll As a Part of the Photosynthetic Mechanism. By 
O. L. Inman. From the C. F. Kettering Foundation for the 
Study of Chlorophyll and Photosynthesis, Antioch College, Yel- 
low Springs, Ohio 
By the use of proteolytic and lipolytic enzymes acting on 

Trifolium repens leaf triturates made by grinding the leaves in 
water or buffer with sand and filtering out the cells, it has been 
shown that the stability of chlorophyll to carbon dioxide and 
copper is decreased. So long as the protein or lipids of the tri- 
turate remain undisturbed chlorophyll is very stable. Finely 
divided metallic copper added to a triturate from pH 6.8 to 7.0 
will slowly replace the magnesium in the chlorophyll molecule 
but the addition of 5 mg. of trypsin or steapsin to 5 cc. of triturate 
causes a rapid increase in the rate of this reaction. Bubbling 
pure carbon dioxide through a triturate at pH 6.8 to 7.0 for 3 
hours will not cause the chlorophyll to lose its magnesium but the 
addition of a few mg. of trypsin or steapsin will bring about the 
formation of pheophytin in 30 minutes without a further lowering 
of the pH. Pepsin, papain, and amylopsin under the same con- 
ditions show no accelerating action. Detergents such as Du- 
ponol PC bring about the loss of magnesium from the chlorophyll 
molecule even at pH 8.00 and dissolve the chlorophyll from its 
substrate, causing the loss of magnesium from the chlorophyll 
molecule. According to Anson such detergents denature pro- 
teins. A 4 per cent ethyl alcoholic colloidal solution of pure 
chlorophyll a + 6 treated with Duponol PC undergoes the same 
change but at a much slower rate. Such evidence indicates that 
the proteins and lipids are closely associated with chlorophyll 
which is a part of the photosynthetic mechanism. 
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Hormones of the Digestive Tract. By A. C. Ivy. From the 
Department of Physiology and Pharmacology, Northwestern Uni- 
versity Medical School, Chicago 
Three gastrcintestinal hormones have been sufficiently studied 

and the results confirmed to warrant the conclusion that their 

existence is established. These are secretin, cholecystokinin, and 
enterogastrone. Secretin has apparently been crystallized but its 
structure has not been determined. It can be and has been used 
in man to examine pancreatic secretion, as histamine is used to 
test gastric secretion. It also specifically stimulates choleresis. 

Cholecystokinin has been concentrated sufficiently to show that it 

causes the human gallbladder to contract and evacuate. Chem- 

ieally it is closely related to, but not identical with secretin. 

Enterogastrone is produced by the intestinal mucosa and is re- 

sponsible, in part at least, for the depression of gastric secretion 

and motility when considerable quantities of fats or sugar are 
ingested. A substance recently termed urogastrone has been 
found in canine and human urine. When injected into man or 
dog, it inhibits the gastric secretory response to a meal or his- 
tamine. This substance disappears from canine urine after 
pyloroenterectomy, which indicates, but does not prove, that the 
substance is made by the intestinal mucosa. Regarding gastrin, 
it is established that a humoral mechanism is in part responsible 
for postcibal gastric secretion. Whether histamine or some other 
substance is the humoral agent remains to be determined. Claims 
for the existence of a non-histamine gastrin have not been con- 
firmed. The evidence indicates that a hormone, enterocrinin, 
exists which stimulates the secretion of intestinal juice (Nasset). 

We have failed to confirm the existence of incretin or duodenin, 

which is supposed to stimulate insulin production. The existence 

of enterocin (motor hormone) and villikinin as specific entities is 
problematic. 


The Relation between the Interstitial Cell-Stimulating and Thyro- 
tropic Effects of the Anterior Pituitary. By H. JENSEN AND 
Toitksporr. From the Biochemistry Laboratory, The 
Squibb Institute for Medical Research, New Brunswick 
We observed that the thyrotropic effect of various anterior 
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pituitary preparations was always associated with the interstitig] 
cell-stimulating principle. It has been shown recently that the 
interstitial cell-stimulating hormone is identical with the luteiniz. 
ing principle. In order to determine whether these two physio- 
logical responses may perhaps be due to only one principle we 
attempted to fractionate the interstitial cell-stimulating and 
thyrotropic activities by various chemical manipulations. The 
interstitial cell-stimulating activity was determined in hypophy- 
sectomized, immature female rats by intraperitoneal administra- 
tion. The thyrotropic effect was determined in day-old chicks by 
the method of Smelser. In both cases, the minimal stimulation 
was determined histologically. We found that the minimal effee- 
tive dose for repair of the ovarian interstitial tissue in hypophy- 
sectomized rats corresponded closely to that for minimal 
thyrotropic effect in the chick. The various preparations studied 
biologically for both responses always gave approximately the 
same ratio. So far we have not been able to separate, by chemical 
means, the two physiological effects. The various chemical 
methods employed by us will be discussed. 

Such interstitial cell-stimulating agents as chorionic gonado- 
tropin and pregnant mare serum were found to be devoid of 
thyrotropic potency. The results of our comparative physio- 
logical studies lead us to believe that the two effects, 7.e. stimu- 
lation of the interstitial tissue and of the thyroid, are produced 
by one hypophyseal principle, the effects depending on the dose 
level and on the route of administration. 


Some Observations on the Behavior of the Sulfinic and Sulfonic 
Acids Corresponding to Cysteine. By Bratrrice KAssell. 
From the Department of Biochemistry, College of Physicians and 
Surgeons, Columbia University, New York 
Recent evidence indicates that cystine may hydrolyze, form- 

ing cysteine and acidic derivatives. The sulfinic and sulfonic 

acids corresponding to cysteine were studied, particularly under 
the conditions of protein hydrolysis. 

Neither acid is oxidized by phospho-18-tungstic acid (pH 5.7) 
or by porphyrindin (0°, pH 7.2). Both acids are resistant to 
Zn-HCl reduction at 25°; at 70° the sulfinic acid is partially re 
duced to cysteine (20 per cent in 1 hour). 
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Digestion with 57 per cent HI (150°, 5 hours) converts the 
sulfinie acid quantitatively to cysteine, while cysteic acid is rela- 
tively stable (10 per cent reduction). The sulfinic acid is re- 
duced to cystine by 2 N HI at 25° or by heating in 6 N HCl with 
cysteine, artificial humin (made by heating mannose with, trypto- 
phane and tyrosine), or with protein hydrolysates containing 
cysteine or humin. 

Digestion of the sulfinic acid with 6 N HCl at 130° results in 
partial decomposition, but does not yield products which react 
with phosphotungstic acid in the presence or absence of sulfite. 
After treatment of evaporated HCl digests with 57 per cent HI, 
70 to 80 per cent of the sulfinic acid is recovered as cysteine and 
about 10 per cent as H2S. 

The cystine plus cysteine content of certain proteins, e.g. egg 
albumin, is lower in HCl than in HI hydrolysates, while HI 
digestion ‘of the former yields the same values as direct HI diges- 
tion. The observations on the behavior of the sulfinic acid 
corresponding to cysteine suggest the possibility that this sub- 
stance is responsible for the discrepancy. 


The Adrenal Cortex. By Epwarp C. Kenpatu. From the 
Department of Biochemistry, The Mayo Foundation, Rochester, 
Minnesota 
From the adrenal cortex five crystalline steroids have been 

separated: A dehydrocorticosterone, B corticosterone, E Cy- 

hydroxy A, F Cy-hydroxy B, desoxy B, and an amorphous frac- 
tion, all of which will maintain life in adrenalectomized animals. 

No one compound can be described as the life-maintaining hor- 

mone. For maintenance of adrenalectomized dogs the amor- 

phous fraction is the most active, followed by desoxy B acetate, 
desoxy B, A and B, E and F. Other physiological effects 
indicate sharply defined qualitative differences among these 

compounds. In rats desoxy B and its acetate cause increase, B 

and E acetates a marked loss in body weight; the amorphous 

fraction has little effect. Sodium is increased in serum most by 
desoxy B and its acetate, less by E acetate; A, B, and the amor- 
phous fraction have much less effect. Potassium is decreased in 
serum most by desoxy B acetate; desoxy B, A, B, and the amor- 
phous fraction do not decrease potassium in serum below normal. 
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Carbohydrate metabolism is affected most by A and B, less by 
E, desoxy B has little effect, and the amorphous fraction still legs, 
A and B produce atrophy of adrenal and thymus glands in norma] 
male rats. Acetates of B and E cause almost complete atrophy 
of the thymus gland. Desoxy B and its acetate and the amor. 
phous fraction do not cause significant atrophy. Ingle has shown 
wide variations in the effect of each of these compounds on the 
capacity of muscles for work; A, B, and E are all more active 
than desoxy B. These results show the changes in physiological 
response produced by hydroxyl and ketone derivatives of desoxy- 
corticosterone. Formation of an ester on the alcohol group of 
Ca produces both qualitative and quantitative effects. 


A Rapid Method for the Separation of Serum Albumin and Globu- 
lin. By Grorce R. Kinestey. From the Division of Bio- 
chemistry, Philadelphia General Hospital, Philadelphia 
If 4 cc. of ether are immediately added after globulin is pre 

cipitated from 1 ec. of serum with sodium sulfate, as in the Howe 
method, and the mixture vigorously shaken for 20 to 30 seconds 
and then centrifuged in a test-tube (17 to 20 mm.) for 5 minutes 
at about 2200 r.p.m., the globulin separates in a compact layer 
between the sodium sulfate solution and the ether. By tilting 
the tube the globulin layer is easily disengaged from the sides and 
samples can be withdrawn by pipette for albumin analysis. 

Globulin separation by this method is complete, since the albu- 
min nitrogen values of the centrifugates are in good agreement 
with those of refiltrates obtained by proved technique. The 
protein was determined by the biuret method of the author* 
and by the Kjeldahl method. 

When the globulin from 1 ec. of serum is extracted with ether 
and dissolved in 1 cc. of 3 per cent sodium chloride, evacuated 
until no odor of ether remains, then mixed with 15 cc. of 23 per 
cent sodium sulfate and centrifuged, no separation takes place. 
However, addition of ether again permits a sharp separation. 
When a heavier solvent such as carbon tetrachloride is used, the 
globulin separates between the two liquid phases beneath the 
sodium sulfate solution. Therefore the globulin or globulin 


* Kingsley, G. R., J. Biol. Chem., 181, 197 (1939). 
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lipid complex appears to absorb enough of the lipid solvent to 
change its density sufficiently for separation by centrifugation. 
These observations provide the basis for a rapid and highly 
practical method for separation of globulin from albumin. 


The Effect of Change of Altitude on the Blood of Human Subjects. 
By Guapys M. Kinsman, ANNA Marre Duvat, ALBERTA 
Iuirr, AND Rosert C. Lewis. From the Child Research Coun- 
cil and the Department of Biochemistry, University of Colorado 
School of Medicine, Denver, and the School of Home Economics, 
Oklahoma Agricultural and Mechanical College, Stillwater 
In conjunction with studies made to observe the influence of 

altitude on the basal metabolism, blood studies which included 
erythrocyte counts, hemoglobin determinations, red cell volumes, 
and blood specific gravities were conducted primarily as a means 
of determining physiological adjustment to the changes in alti- 
tude. These determinations were made on the same subjects, 
five women and two men, at two different altitudes, 910 feet 
(Stillwater, Oklahoma) and 5280 feet (Denver, Colorado) above 
sea level. With four of the subjects, three women and one man, 
the studies were extended to a third altitude (8720 feet above 
sea level at Eldora, Colorado). From the values obtained for 
the above measurements, the mean corpuscular hemoglobin, the 
mean corpuscular volume, and the mean corpuscular hemoglobin 
concentration were calculated. Although physiological changes 
in the blood are known to occur with altitude, this conclusion 
has been drawn largely from studies made on different groups of 
individuals at different altitudes. Not often is opportunity af- 
forded, as was the case in this study, to observe these effects of 
altitude on the same individuals by identical techniques per- 
formed by the same workers. Increases in hemoglobin content, 
erythrocyte count, and red cell volume occurred in all subjects 
with increases in altitude, but there was considerable variation 
in the increments observed and in the rate of adjustment to the 
changes in altitude. 


The Determination of Blood Pyruvate in the Presence of Aceto- 
acetate. By Danie From the Metabolic Laboratory, 
Philadelphia General Hospital, Philadelphia 
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The method of Peters and Thompson* for the determination 
of pyruvate could not be applied unmodified to diabetic blood, 
because of the incomplete decomposition of the dinitropheny)- 
hydrazone of acetoacetic acid. The same applied to the mor 
recent micromethod of Lu when tried out on a macro scale. 

A modified procedure has been developed to avoid this source 
of error. The method differs from that of Peters and Thompson 
in four details. Tungstic acid replaces trichloroacetic aeid, 
Acetoacetic acid dinitrophenylhydrazone is destroyed by allow- 
ing the first ethyl acetate extract to stand overnight. Extraction 
of pyruvic acid dinitrophenylhydrazone is made with m/15 di- 
sodium phosphate only. 0.5 N aqueous sodium hydroxide re- 
places alcoholic potassium hydroxide used to develop the color for 
photoelectric photometry. 

Pyruvie acid in 1 per cent tungstic acid (Folin-Wu) solutions 
was recovered to the extent of 90 to 100 per cent. Addition of 
pyruvate to blood resulted in recoveries of 75 to 80 per cent. 
Acetoacetic acid in amounts ranging up to 250 mg. per cent gave 
readings not exceeding 0.2 mg. per cent as pyruvic acid. 

Preliminary studies of diabetes mellitus in different stages of 
control, including diabetic coma, indicate that the blood pyruvate 
level is normal, unless there is associated a severe vitamin B, 
deficiency. 


Intravenous Galactose Tolerance. By ALFrep E. KOHLER AND 
Euste Hitt. From the Sansum Clinic and the Santa Barbara 
Cottage Hospital, Santa Barbara 
The oral galactose tolerance test for liver function frequently 

gives results that are not consistent with clinical or postmortem 
findings. That some of these discrepancies are due to variation 
in galactose absorption has been shown by giving the galactose in- 
travenously at a constant rate. 50 gm. of galactose were given 
as a 50 per cent solution over a period of 2 hours. 

In a normal person the blood galactose reaches a maximum of 
about 35 mg. above the fasting level (non-fermentable reducing 
substances) in approximately 14 hours after the start and then 
drops appreciably before the end of injection. Half an hour 


* Peters, R. A., and Thompson, R. H.S8., Biochem. J., 28, 916 (1934). 
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after end of injection the galactose value has usually returned 
to the fasting value and may subsequently drop below. 

In certain types of liver disorders the blood galactose rises 
markedly during injection and there usually is a continued rise 
until injection is stopped. This failure on the part of the body 
to stimulate the rate of removal of galactose from the blood stream, 
as happens normally, is in itself a criterion of liver damage. 

Certain subjects have shown an abnormally poor intravenous 
galactose tolerance in which liver disease was not suspected, nor 
could such liver damage later be proved, although it could, of 
course, have existed. 

Concomitant with the rise of blood galactose after injection 
there is a rise in the blood glucose (fermentable fraction). In 
the mildly diabetic patient this rise is quite appreciable and 
becomes a good index of the glucose tolerance. 


The Intravenous Injection of Acetone in Normal and Diabetic 
Subjects. By ALrrep E. KorHLer AND EMANUEL WINDSOR. 
From the Sansum Clinic, the Santa Barbara Cottage Hospital, 
and the Santa Barbara General Hospital, Santa Barbara 
The fate of acetone (10 gm. in 200 cc. of saline) injected in- 

travenously for 2 hours at constant rate was studied in eighteen 

normal and twelve diabetic subjects. There were no sympto- 
matic effects except varying degrees of drowsiness toward the 
end of the injection. 

In the non-diabetic group blood acetone plus acetoacetic acid 
rose from 0.8 + 0.2 mg. per 100 cc. to 19.6 + 1.3 mg. at the end 
of injection and still was 18.1 + 1.3 mg. 4 hours after the end of 
injection. In the diabetic group the values were similar. In 
neither group were blood §-hydroxybutyric acid or sugar levels 
appreciably altered. 

In the non-diabetic group acetoacetic acid rose from 0.44 + 
0.19 mg. per 100 cc. to 6.9 + 0.7 mg. at end of injection and was 
5.2 + 0.7 mg. 4 hours later. 

In the normal group simultaneous injection of glucose (100 
gm.) or insulin (30 units) with the acetone caused no appreciable 
change in acetone or acetoacetic acid in either blood or urine as 
compared with the subjects receiving acetone alone. The urinary 
excretion paralleled the blood ketone values. 


tion 
od, 
nyl- 
ore 
irce 
son 
“id. 
)W- 
ion 
re- 
for 
ns 
it. 
ve 
of 
te 
a 
y 
| | 


lvi Scientific Proceedings. XXXIV 
Considering that there is some loss of acetone through the lungs 
and kidneys, the prolonged high acetone level after injection js 
evidence that diabetic and normal persons convert acetone very 
slowly if at all. The acetoacetic acid rise does, however, indicate 
that injection of acetone brings about a disturbance of ketone 


metabolism. 


A Rapid Photoelectric Method for the Determination of Vitamin 
A and Carotene in Milk. By C. J. Kornn. From the Labo 
ratory of Animal Nutrition, Alabama Polytechnic Institue, 
Auburn 
A rapid method has been developed for the photoelectric 

determination of vitamin A and carotene in milk. The m 

saponifiable fraction was extracted with ether after digestion of 

the milk with alcoholic KOH on a water bath for 10 minutes, 

This fraction was purified and transferred to chloroform. The 

carotene and vitamin A were determined by means of a photoelee- 

tric colorimeter, the carotene by measurement of the light ab- 
sorption at 440 my and vitamin A by measurement of the light 
absorption at 620 my by the blue compound found in the Car- 

Price reaction. 

The vitamin A value of the milk was also determined by bie 
logical assay with rats and a factor was derived for converting 
colorimetric readings into international units. After correction 
for the carotene and xanthophyll present in milk, it was found 
that the factor for converting colorimetric readings into inter 
national units of vitamin A was appreciably higher for milk than 
for cod liver oil. 


Creatine-Creatinine Metabolism and the Hormones. V. Effect 
of Parenteral Injection of Epinephrine, Eschatin, Percorten, 
and Saline into Normal and Adrenalectomized Rats upon 
Muscle Creatine and Creatine-Creatinine Excretion. By A 
Link Koven, Pizzotato, AnD Howarp H. 
From the Department of Biochemistry, Louisiana State Um, 
versity School of Medicine, New Orleans 
The injection of 0.1 cc. of 1:1000 epinephrine into normal and 

adrenalectomized rats resulted in the excretion of urines that gave 

a fairly intense Jaffe reaction with alkaline picrate after they 

were hydrolyzed with HCl. All of these urines tested, however, 
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reduced Benedict’s qualitative sugar solution and, after incuba- 
tion with the creatinine enzyme of Miller and Dubos, the color 
of the Jaffe reaction after addition of alkaline picrate was not 
destroyed. The result shows that epinephrine does not give a 
true creatinuria under the above conditions. 

The urine samples, after the injection of 1 cc. of eschatin or 
0.5 ec. of percorten (desoxycorticosterone acetate in sesame oil), 
did not reduce Benedict’s qualitative sugar reagent and the color 
of the Jaffe reaction was destroyed after the samples were incu- 
bated with the creatinine enzyme. This indicates that these 
hormones cause a true creatinuria. These hormones themselves 
give the Jaffe reaction with alkaline picrate and reduce Bene- 
dict’s solution. They were not, however, excreted as such in 
the urine (negative Benedict’s test). The injection of 18 or 50 
mg. of physiological saline into the adrenalectomized animals 
gave about the same creatinuria as these cortical hormones. 
It is, therefore, possible that they produce creatinuria owing to 
their water- and salt-retaining effects. 

Adrenalectomy alone produced some slight creatinuria which 
was due to the anesthetic and trauma of the operation. Injec- 
tion of the above hormones did not affect the concentration of 
muscle creatine in any of the animals studied. 


The Nephelometric Determination of Quinine in Small Amounts 
by Means of the Photoelectric Colorimeter. By Granvit C. 
Kyxer, Bartey D. Wess, JaMes C. ANDREWS. From 
the Department of Biological Chemistry, School of Medicine, 
University of North Carolina, Chapel Hill 
The studies previously reported on the determination of small 

amounts of quinine in blood have been continued by studying the 

suitability of the Evelyn photoelectric colorimeter for use in the 
modified Vedder and Masen nephelometric method. Curves of 
galvanometer readings versus concentrations of pure quinine 
throughout the biological range have been determined and it has 
been shown that a very satisfactory slope results when the read- 
ings are made with a blue filter (400 uz) on concentrations of 
about 1 to 10 mg. per liter. Determinations on unknown qui- 
nine samples can be made with much greater accuracy and less eye 
fatigue than when a visual method is used. 

Using the photoelectric colorimeter, we have rechecked and 
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confirmed the curve of acid concentration versus completeness of 
precipitation of the quinine silicotungstate and still find 0,03 y 
HCl to be the optimal concentration. An elaborate series of 
studies has also been made of the effect of allowing various pe 
riods of time to elapse between precipitating the quinine gil. 
cotungstate and taking the galvanometer readings. The effect 
of agglutination of the precipitated particles has been found to be 
much less pronounced in 0.03 m than in the 0.5 m HCl recom. 
mended by Vedder and Masen. The method is now being ex 
tended to the determination of quinine obtained from ether 


extracts of blood. 


The Reaction of Sulfur Compounds with Nitrous Acid. By 
Tueopore F, Lavine AND WILLIAM M. WHITELEY. From 
the Lankenau Hospital Research Institute, Philadelphia 
Cysteine (R—SH) and cystine (R—SS—R) have long been 

known to yield high results in the Van Slyke procedure for the 
estimation of amino nitrogen, while correct results are obtained 
with cysteic acid (R—SO;H). It has been found that cystine 
disulfoxide (R—(SO).—R) and cysteine sulfinic acid (R—SO,H) 
yield results similar to cysteine and cystine. Theoretical values 
are obtained in all cases when a KI-acetic acid mixture is substi- 
tuted for the usual acetic acid. The determinations were carried 
out in the volumetric apparatus. 

The production of “extra nitrogen” by the sulfinic acid and the 
concomitant formation of sulfate suggest cleavage of sulfur from 
the organic molecule with an inorganic sulfur compound thus 
aa being responsible for the “extra nitrogen.’”’ Such a cleavage 

is might result in the formation of sulfoxylic acid (S(OH)s) or 

: thiosulfuric acid (H2S,0;). Both of these compounds (sodium | 

formaldehyde sulfoxylate and sodium thiosulfate) liberate nitro- | 
gen in the Van Slyke procedure but only the thiosulfate values | 
are reduced effectively by Kl-acetic acid. Of other inorganic | 
sulfur compounds, sulfite and hyposulfite yielded appreciable | 
amounts of nitrogen, sulfide a small amount, and dithionate and 
tetrathionate negligible amounts. 

It is assumed that the nitrogen-producing reaction is not al 
oxidation, since nitrous acid is usually reduced to oxides of nitro 
gen, but rather a rearrangement of a nitrogen-sulfur compound 
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to a sulfonamide structure similar to sulfamie acid, HO—SO,— 
NH;, which reacts normally with nitrous acid to yield nitrogen. 


The Percutaneous Administration of Estrogens Followed by 
Progestin in Inducing Sexual Receptivity in Spayed Guinea 
Pigs. By Joun A. Leicury, H. J. Wick, anp B. E. JErrries. 
From the Lilly Research Laboratories, Indianapolis 
Sexual receptivity was induced in the spayed guinea pig by 

estrone plus progestin, and by stilbestrol plus progestin, when the 

substances were applied percutaneously. Estrone was about 
twice as effective in this respect as stilbestrol. 

The estrogens were administered in oil, while progestin was 
dissolved in an alcohol-glycerol solution in some experiments and 
in oil in others with only a slight difference in results. 

Under the conditions of the experiments, when the amount of 
estrogen rubbed on was held constant, more progestin was re- 
quired percutaneously than by injection to obtain comparable 
effects. 

These results are of interest because they suggest the possibility 
of the use of the percutaneous method of administration of pro- 
gestin in clinical cases, thus avoiding the present rather unsatis- 
factory use of injections of oils. 


Fractionation of Serum Non-Protein Sulfur. By T. V. Leronorr 
AND G. From the Division of Biochemistry, 
Philadelphia General Hospital, and the Department of Physio- 
logical Chemistry, School of Medicine, University of Pennsyl- 
vania, Philadelphia 
Total sulfur together with inorganic, ethereal, and neutral sul- 

fur has been determined in protein-free filtrates of serum prepared 

by means of uranium acetate. Nine normal individuals showed 
in serum the following concentrations: total non-protein sulfur, 

average 2.84 (range 2.40 to 3.10), inorganic sulfur, average 1.09 

(1.00 to 1.22), ethereal sulfur, average 0.80 (0.4 to 1.19), and neu- 

tral sulfur, average 0.94 (0.57 to 1.48) as mg. per cent. Similar 

values were found for citrated plasma. Inorganic sulfate added 
to citrated plasma is recovered quantitatively in the total and in- 
organic sulfate fractions. Analyses of protein-free filtrates of 
serum prepared by addition of 1 cc. of 20 per cent trichloroacetic 
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acid solution per cc. of serum gave values significantly higher for 
total, inorganic, and neutral sulfur, while ethereal sulfur usually 
was lower. Doubling the concentration of trichloroacetic aeid 
increased the differences, but additional trichloroacetic acid had 
no further effect. Analyses of dialysates of serum agreed well 
with figures for inorganic and ethereal sulfate found in uranium 
acetate filtrates. Total sulfur and neutral sulfur were higher in 
the dialysates, although not as high as in trichloroacetic acid 
filtrates. Addition of uranium acetate to the dialysates gave 
values equal to those found in uranium acetate filtrates. This 
may have been due to undetected traces of protein. The results 
support the belief that trichloroacetic acid in high concentrations 
attacks certain sulfur-containing compounds of serum and alter 
the distribution of sulfur in the fractions studied. 


The Quantitative Precipitation of Gonadotropin from Normal 
Urine. By Louis Levin. From the Department of Anatomy, 
College of Physicians and Surgeons, Columbia University, New 
York 
The recovery of gonadotropin from specimens of normal male 

urine by tannic acid precipitation and alcohol precipitation has 

been compared. The extract of the initial alcohol precipitate is 
too toxic to permit assay of the small amounts of gonadotropin 
present (less than 30 mouse uterus units per 24 hour specimen). 

The alcohol extracts were consequently partially detoxified by 

dialysis, necessitating reconcentration (accomplished by acetone 

precipitation or by evaporation in a stream of air) of the dialyzed 
solutions. The activity of the dialyzed, reconcentrated extracts 
of the alcohol precipitates was-uniformly lower (by as much & 

50 per cent) than that of the corresponding tannic acid prepara 

tions. 

Investigation of the low yields obtained by the alcohol precip 
tation shows that 10 to 15 per cent of the activity remains in the 
insoluble residue of the alcohol precipitate. A further fraction 
(25 to 30 per cent) may be lost during the manipulations incident 
to dialysis and as much as 20 per cent is lost during the air evapo 
ration. 

These findings demonstrate (1) the inadvisability of avoidable 
manipulation when dealing with gonadotropin in amounts % 
small as those of normal urines, (2) that the original claims for 
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the quantitative precipitation of gonadotropin by tannic acid 
were not unjustified, and (3) that tannic acid is the most effective 
precipitant yet proposed for quantitative recovery of urinary 
gonadotropin of normal individuals. 

Urinary gonadotropin excretion curves for one normal and one 
prepregnant menstrual cycle will be shown. 


The Ascorbic Acid Content of the Blood of the Eskimo. By 
Vicror E. Levine. From the Department of Biological Chemis- 
try and Nutrition, Creighton University School of Medicine, 
Omaha 
In the course of a health survey conducted at Point Barrow 

under the auspices of the United States Public Health Service, 
we determined towards the end of January, 1938, the ascorbic 
acid content of the blood of thirty Eskimo children. The range 
for six children was 0.15 to 0.20 mg. per 100 ec.; for seven, 0.21 
to 0.25 mg.; for eight, 0.26 to 0.30 mg.; for seven, 0.31 to 0.40 
mg.; and for two, 0.45 to 0.55 mg. Capillary fragility varied 
from 7 to 17 em. of Hg. Utilizing Dalldorf’s standards,* we found 
twenty-eight children had subacute scurvy at the time of the 
examination. Orange juice raised ascorbic acid values and capil- 
lary resistance, though not always in the same ratio. 

The diet of the Point Barrow Eskimo by the end of January was 
devoid of fresh meat. Only reindeer killed several months before 
was available. Berries are not preserved in seal oil for winter use 
as in other .villages. 

Physical examination revealed acute, subacute, or chronic hyper- 
trophic rhinitis, the nasal mucous membranes being edematous and 
the capillaries congested. Bleeding occurred frequently, even at 
such slight provocation as the insertion of the nasal speculum. Epi- 
staxis, now common in winter and early spring and disappearing 
with the advent of fresh meat, we regard as diagnostic of scurvy 
among Eskimos. Hgygaardt in Greenland has made a similar 
Suggestion. Our tuberculin tests gave markedly severe reactions. 
Birkhaugt has demonstrated in vitamin C deficiency increased 
severity of the cutaneous response to tuberculin. 


* Dalldorf, G., Am. J. Dis. Child., 46, 794 (1933); Bull. New York Acad. 
Med., 16, 544 (1939). 

t Héygaard, A., Nord. Med. Tidskr., 16, 1647 (1938). 

} Birkhaug, K. M., Acta tuberc. Scand., 18, 45 (1939). 


for : 
ally 
acid 
had 
well 
ium 
r in 
acid 
ave 
his 
ults 
Ons 
ters 
nal 
my, 
V ew 
ale 
has 
is | 
pin 
1 
by 
one 
zed 
cts 
ra- 
he 
on 
nt | 
0- 
d 
or 


lxii Scientific Proceedings. XXXIV 


The Effect of the Thyrotropic Hormone on the Composition and 
Metabolism of the Thyroid Gland. By Miuan A. Loean, J.B 
VANDERLAAN, AND W. P. VANDERLAAN. From the Depart 
ment of Biological Chemistry, Harvard Medical School, Boston 
Thyrotropic hormone of the pituitary was administered to 

guinea pigs daily for 6 days. In the first 24 hours following the 

administration of the hormone, the water, chloride, and total 
phosphorus content per gm. of thyroid tissue increased markedly, 

At the same time, the oxygen consumption of the thyroid tissue, 

ae measured in vitro by the Warburg technique, increased more than 

a 60 per cent. The increases persisted for 2 days, following which 

7 the oxygen consumption and the determined constituents of the 

a tissue approached normal values. Accompanying these changes 

a . was an increase in the size of the glands. The results are com- 

ee pared with the histological changes observed. 


Purine Content of Human Cardiac and Voluntary Muscle. By 
George H. Maneun Vicror C. Myers. From the 
aay Department of Biochemistry, School of Medicine, Western Re- 
“5 serve University, Cleveland 

2 ae Studies on human heart muscle have shown that creatine, 
_ phosphorus, and potassium are decreased in myocardial failure, 
i | The relative losses of creatine and phosphorus indicated that the 
loss of phosphorus could not be entirely accounted for as being due 
to a breakdown of phosphocreatine alone. Studies on the dog 
heart in late aortic insufficiency indicated that adenylpyrophos 
phate may be lost to an even greater extent than phosphocreatine. 
Since adenylpyrophosphate breaks down following death and 
ee therefore cannot be determined in autopsy tissue, a method was } 
: y developed to determine the extractive purine nitrogen after de 
2 a amination of the aminopurines with nitrous acid. In nine cases, 
ae the total extractive purine N before deamination averaged 38.1, 
21.2, and 32.7 mg. per 100 gm. in the left and right ventricles and 
pectoralis major respectively. After deamination with nitrous 
acid, the oxypurine N averaged 34.4, 18.9, and 29.1 mg. per 100 
gm. in the left and right ventricles and pectoralis major respet- 
tively. The lowest values encountered in the left ventricle to 
date were in cases with myocardial insufficiency. Total e 
tractive purine N and oxypurine N values were decreased per 
unit of fresh tissue and per unit of total solids. Experiments 
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performed so far indicate that purines, as in the case of creatine, 
phosphorus, and potassium, are lost from the failing heart and 
may possibly become an important factor in myocardial in- 


sufficiency. 


The Metabolism of Renal Cortical Tissue in Experimental Hy- 
pertension. By Morton F. Mason, ALFRED BLALOCK, AND 
C. 8S. Roprnson. From the Departments of Biochemistry and 
Surgery, Vanderbilt University School of Medicine, Nashville 
The Qo,, R.Q., and aerobic glycolysis of slices of renal cortical 

tissue from normal dogs and dogs with experimental hypertension 

produced by partial constriction of the renal artery were compared. 

The gas exchange was determined by the second method of Dick- 

ens and Simer, in bicarbonate, glucose-Ringer buffer. The Qo, 

values of renal cortex slices from nine normal dogs averaged 14.0; 

in the case of seven hypertensive dogs in which the elevation of 

blood pressure had been present for from 5 weeks to 7 months, the 

Qo, averaged 14.3. The spread of values was not materially 

different in either series of animals. The same may be said of the 

respiratory quotients, which averaged 0.86 in both groups of dogs. 

No differences in aerobic glycolysis were observed. Preliminary 

observations suggest a reduction in ammonia formation in the 

case of “hypertensive’’ cortical tissue. 


A Method for the Separation and Determination of Urinary 
Estrogens. By ALAN Martuer. From the Research Labora- 
tories of the Worcester State Hospital, Worcester 
On the basis of the distribution ratios of pure estrogens for 

various solvent pairs, and from quantitative studies on the several 

steps used, the efficiency of the separation of the estrogens in urine 
has been determined, with the Marrian spayed mouse procedure 
for assay. Bioassay is necessary for estimating the estrogen con- 
tent of male urines but the method of separation should be appli- 
cable to the colorimeter determination used for pregnancy urines. 

Optimal conditions for hydrolysis are approximated by heating 
in normal hydrochloric acid at 100°; 15 minutes suffice for male 
urines; 1 hour is required for maximum values with pregnancy 
urines. The rates of destruction of the pure compounds under 
these conditions range from 20 to 40 per cent per hour. 

Ethyl ether has been found to be the most suitable initial 
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extractant from the neutralized urine (pH 9). The separation of 
estriol from estrone and estradiol is effected by partition between 
0.3 m sodium carbonate and benzene. The benzene to alkali 
ratios are as follows: estriol 1:40, estrone 250:1, and estradiol 
40:1. Extraction of a carbonate eluate of the above ether residue 
with benzene, followed by cross-extraction of each fraction, gives 
separation of well over 95 per cent. The determination of estra- 
diol in the benzene fraction has been satisfactorily accomplished 
by means of the ketonic reagent, carboxy methoxyl amine, as 
described by Huffman and Doisy. The estrone is calculated by 
difference. 

Bras The method has been applied to urines of normal and schizo- 
i a | phrenic male subjects before and after injections of testosterone 
propionate. 


Thyroid Hormone in Tissues. By J. F. McCLenpon, Win. 
C. Foster, anp W. G. KrirKLanp. From the Hahnemam 
Medical College and Hospital, Philadelphia 
3 zn 5 gm. of tissue are frozen in liquid nitrogen, pulverized, and 
ae extracted 1 hour in a shaking machine with 100 cc. of methanol; 
cai then extracted a second time with 100 cc. of acetone in a 3 foot 
i a glass extractor, with a 9 inch cellulose (Visking) extension. The 
residue is burned in a platinum tube and analyzed for iodine by 
the McClendon-Bratton method. This is called thyroid hormone 
iodine because 333 determinations on blood show a 0.627 corre 
lation with basal metabolic rate. Analysis of fresh steer musele 
gave a value of 6 y per 100 gm., compared to 24 y for the mouse, 
which has a higher basal metabolic rate per kilo. Feeding 4 
/ rat 20 grains of thyroid raised the thyroid hormone in muscle from 
9 to 11 y, and liver from 8 to 58 y. 
| Average values for the thyroid hormone iodine in human tissue 
were as follows: muscle 6, heart 6, liver 8, struma ovarii 486, 
metastasis of the same in the ischium 323. The thyroid hormone 
in struma ovarii and in metastasis of the same in bone is probably 
formed in these tissues, which resemble thyroid histologically. 


Effects of Different Levels of Protein in the Diet of the Rat. Br 
H. McCoy. From the Biochemistry Department, 
The Wistar Institute of Anatomy and Biology, Philadelphia 
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The effects of different levels of protein in the diet of the rat 
when the concentration of vitamins, fats, and inorganic salts 
remains constant have been studied. A part of the dextrin of the 
basal diet was replaced with highly purified vitamin-free, salt- 
free casein to produce diets containing 15, 25, and 40 per cent 
protein. 

In the paired feeding method the 40 per cent diet produces the 
most rapid growth, the highest percentage of nitrogen, but the 
lowest percentage of fat of the empty carcass weight. The 15 per 
cent diet produces the slowest growth, the lowest percentage of 
nitrogen, but the highest percentage of fat. In the ad libitum 
feeding method only small differences in growth rate are observed 
between the 25 and 40 per cent diets, yet both are distinctly 
superior to the 15 per cent diet. The percentage of fat in animals 
on the 40 per cent diet is consistently lower than in those from 
either the 25 or 15 per cent diets. 

To date the reproductive performance of rats on these diets is 
as follows: 15 per cent, 227 litters totaling 1626 young of which 60 
per cent have been successfully weaned; 25 per cent, 239 litters, 
1816 young, 77 per cent weaned; 40 per cent, 283 litters, 2274 
young, 77 per cent weaned. The average weaning weight is 
highest on the 25 per cent and lowest on the 15 per cent diet. 


Synthesis of Members of the Vitamin B Complex in the Rumen 
of the Cow. By L. W. McEtroy anp Haroip Goss. From 
the Division of Animal Husbandry, University of California, 
Davis 

. We have recently reported* that considerable amounts of 
thiamine, riboflavin, pantothenic acid, and vitamin Bz were found 
in the rumen contents of sheep fed a ration deficient in these 
vitamins. This ration has now been fed to a cow with a rumen 
fistula for 44 months. After 80 days on the experimental diet the 
cow gave birth to a normal calf. From birth to 43 days of age the 
calf fed solely on its dam’s milk and remained in excellent condi- 
tion, gaining an average of 1.7 pounds per day. 

Samples of both the dried rumen contents and the milk of the 
cow are being tested for vitamins of the B complex. The results 
of one chick assay indicate that the dried rumen contents contain 


* McElroy, L. W., and Goss, H., J. Biol. Chem., 180, 437 (1939). 
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slightly in excess of 70 micrograms of pantothenic acid per gm, 
and the dried whole milk about 18 micrograms. 

By the fluorescence test of Whitnah the milk contains 1.4 + 
0.15 micrograms of riboflavin per gm., while the milk of twelve 
cows on a normal ration in the University herd averaged 1.5 + 
0.25 micrograms per gm. 

Bandier’s colorimetric method for nicotinic acid was applied to 
the rumen contents and indicated the presence of about 150 
micrograms of nicotinic acid per gm. of dried material. The test 
gave negative results when applied to the diet. Work is in 
progress to test the curative value of the rumen contents for 


blacktongue in dogs. 


Observations on Fat Synthesis and Metabolism. By E. VW. 
McHenry AND GERTRUDE Gavin. From the School of Hy 
giene, University of Toronto, Toronto, Canada 
It has previously been reported that thiamine causes fat 

synthesis in rats and in pigeons. When this effect of thiamine is 
studied with a choline-free diet, fatty livers are produced but the 
amount of liver fat is quickly restored to normal by small doses 
of choline. In rats given an alcohol-soluble fraction of beef liver, 
fat synthesis is greatly augmented and fatty livers, different 
from those caused by thiamine, are produced. These fatty livers 
are highly resistant to the lipotropic action of choline but readily 
respond to lipocaic. A procedure for the rapid assay of lipoeaic 
is thus available. The administration of the liver fraction causes 
a marked increase in liver cholesterol, although no cholesterol is 
furnished by the basal diet or supplements. Lipocaic diminishes 
the amount of liver cholesterol. It is suggested that lipocaic 
affects the transport of cholesterol, while choline is mainly con- 
cerned with the transport of neutral fat. Substances such as 
rice polish concentrate and yeast have an effect similar to that of 
lipocaic. The crude liver fraction stimulates both fat synthesis 
and growth but fractionation experiments indicate that these 
effects are due to separate fractions. 


Enzymic Oxidation of Cystine to the Corresponding Sulfone. 
By Grace Mepes. From the Lankenau Hospital Research 
Institute, Philadelphia 
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Among the enzymes acting on the sulfur-containing amino acids 
is one which oxidizes the disulfide group of cystine to the sulfone 
stage, but does not produce inorganic sulfate. The revised method 
of preparation is as follows: The liver of the albino rat is perfused 
with physiological salt solution, ground in sand in acetate buffer 
at pH 5.2, let stand at 0° for 20 minutes, centrifuged, the super- 
natant liquid filtered through a sintered glass filter, and the en- 
zyme precipitated with ammonium sulfate between the concen- 
trations of 25 and 40 per cent. The precipitate is taken up in 
distilled water and dialyzed until sulfate-free. 

The rate of oxidation was measured by the rate of disappear- 
ance of sulfhydryl plus disulfide. In fifteen experiments with 
cystine and cysteine as substrates at pH 7.2, sulfhydryl plus 
disulfide disappeared more rapidly from the solution containing 
cystine than from that with cysteine, indicating that cystine is the 
immediate substrate. 

The degree of oxidation of the sulfur group, determined by 
iodometric titration, confirmed the previous finding that oxidation 
to a sulfone occurs. Amino nitrogen remains unchanged. The 
carboxyl group, estimated by Mason’s manometric method, 
showed a slight loss, especially in crude extracts. With highly 
purified preparations, carboxyl is unaltered. 

Therefore it is concluded that the enzyme converting cystine to 
its corresponding sulfone is distinct from the one which decarboxy- 
lates it with production of the amine. 


Phosphorylation and Stability of Thiamine in Digestive Secre- 
tions. By Danret MeLNick, D. ROBINSON, AND 
Henry Frevp, Jr. From the Department of Internal Medicine, 
Medical School, University of Michigan, Ann Arbor 
When thiamine is taken orally by normal subjects, postabsorp- 

tive and fasting, the extra urinary thiamine is from 10 to 40 per 

cent of that found when the same test dose is taken with a meal. 

That this difference in excretion may be due to the instability of 

thiamine in an alkaline gastrointestinal tract is supported by the 

exceedingly small urinary thiamine values consistently obtained, 
despite adequate dietary thiamine intakes, with patients receiv- 
ing antacid medication and those with achlorhydria. Additional 
studies have been conducted with thiamine added to aliquots of 
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human gastric and pancreatic juice and hepatic bile, incubated gt 
varying pH values. The vitamin is stable in gastric juice at a pH 
from 1 to 7.5. Losses of from 10 to 90 per cent, however, occur 
when antacids (Al(OH);, MgCO;, CaCOs, or Mg2Si;Os) are present 
due to alkaline destruction and adsorption of the vitamin, Ip 
tests with bile and pancreatic juice incubated at their natural pH 
of 8, only from 20 to 50 per cent of the added thiamine is recovered, 
More than half of that, which is unaccounted for, is actually 
destroyed; the remainder is phosphorylated and cannot be deter- 
mined chemically until after enzymic hydrolysis. Neither pre 
liminary heating at 100° nor the presence of 0.01 M sodium iodo- 
acetate during incubation prevents phosphorylation. After 
incubation at pH 4.5, however, the added vitamin is recovered 
quantitatively in the free form. It is concluded that the acidity 
of the gastric chyme minimizes the destruction of thiamine during 
absorption. Phosphorylation prior to absorption may occur. 


The Effect of Iodine and Other Mineral Supplements on 
Cholesterol-Induced Atherosclerosis in Rabbits. By Hexen§. 
Mitprep F. GoLpFADEN, AND GERTRUDE J. Hanro. 
From the Nutrition Laboratory, Massachusetts State College, 
Amherst 
The feeding of cholesterol to rabbits has become an effective 

means of producing typical atherosclerosis. A prolonged period 
of hypercholesteremia precedes and is supposed to be partially 
responsible for the pathologic change. The disagreement in the 
literature regarding the influence of certain forms of iodine on 
the level of blood cholesterol and on the severity of the aortic 
lesions stimulated further investigation. 

Rabbits develop marked hypercholesteremia and severe aorti¢ 
lesions in 6 six weeks with 1 per cent cholesterol in the ration and 
moderately severe changes with 0.5 per cent cholesterol. Po 
tassium iodide (25 mg. of iodine per 100 gm. of ration) afforded no 
protection against arterial lesions and tended to increase the 
hypercholesteremia. Kelp, furnishing a similar amount of iodine, 
effected a material reduction in both blood cholesterol and arterial 
damage. A salt mixture containing the excess of basic elements 
found in kelp plus the same amount of iodine failed to give sig- 
nificant results. Kelp ash which had lost two-thirds of its iodine 
upon ashing was ineffective. A synthetic salt mixture made 
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resemble as closely as possible the inorganic composition of kelp 
was almost as effective as the original dried kelp, lowering the 
blood cholesterol and inhibiting the atherosclerotic damage. Thus 
there would appear to be some inorganic element or elements in 
addition to iodine essential for the inhibition of injury due to the 
feeding of cholesterol to rabbits. 


Recovery from Hypervitaminoses D, and D; As Affected by 
Dietary Calcium and Phosphorus and Vitamin A Supply. By 
Acnes Fay MorGan Nosvuxo From the 
Laboratory of Home Economics, University of California, 
Berkeley 
Irradiated ergosterol and irradiated animal sterol (Delsterol) 

were fed in doses of 200 v.s.P. units of vitamin D per gm. of body 

weight per day to young rats on a purified basal diet of normal, 
high, and low Ca to P ratio and contents. After 28 days some of 
each group were killed, the vitamin D was removed from the diet 
of some of each group remaining, and the feeding continued for 

28 days longer. All except one group received the same amount 

of vitamin A from a shark liver oil, 200 units per gm. of body 

weight per day. 

With the basal diet of normal calcium and phosphorus content, 
by all criteria used the group receiving little vitamin A was more 
severely damaged by the excess vitamin D than were any of the 
others. These and other groups given excess vitamin Ds; recov- 
ered more rapidly when the overdosage was discontinued than did 
those receiving excess vitamin D, but continued excess vitamin 
D; intake produced more deaths, more soft tissue calcification, 
poorer growth and bone development than did excess vitamin Dz. 
The rats which received the the low calcium diet were favorably 
affected by excess vitamin D and unfavorably affected by removal 
of the excesses. Those which received the low phosphorus diet 
were unfavorably affected by vitamin D excess and recovered 
promptly on removal of the excess only in the case of vitamin D3. 
Similar effects were noted in young dogs similarly treated. Better 
absorption and better excretion of excess vitamin D,; than of 
excess vitamin D2, may account for these differences. 


The Effect of Methionine on Normal and Tumor Growth. By 
H. P. Morris anp Cart Vorctiin. From the National 
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Cancer Institute, United States Public Health Service, Bethesda, 

Maryland 

Young normal mice and rats were fed a methionine-deficient 
diet for 3 and 4 weeks respectively. The animals were thep 
divided into three equal groups; the first group was continued op 
the basal low methionine diet composed of arachin 15, stareh 
54.5, salts 4.5, Crisco 21.0, and cod liver oil 5.0 plus growth 
vitamin concentrates. The second group received a supplement 
of 450 mg. of dl-methionine per 100 gm. of completed diet, while 
the third group received 362 mg. of /-cystine per 100 gm. of diet. 
Slow growth was obtained on the basal diet with both rats and 
mice. The cystine-supplemented basal diet permitted slightly 
better growth than that obtained on the basal diet, while the 
methionine-supplemented basal diet produced marked stimula 
tion of growth in both mice and rats. 

Adult female C;H strain mice bearing spontaneous mammary 
tumors were maintained at constant body weight on this basal 
diet for 4 weeks. The diet was then supplemented with d- 
methionine for 3 additional weeks. The average daily growth of 
the tumors for the methionine-supplemented period was statisti- 
cally significantly greater than the average daily growth of the 
tumors during the period on the basal diet. 


Studies on Hematin Metabolism in Dogs. By Denmpsie B. 
Morrison, Epwarp F. WriiuiaMs, Jr., AnD W. A. D. ANDER- 
son. From the Departments of Chemistry and Pathology, 
College of Medicine, University of Tennessee, Memphis 
Dogs have been injected intraperitoneally, subcutaneously, 

or intravenously with solutions of disodium ferrihemate (hematin), 

of pH 7.6, prepared from recrystallized hemin. Intraperitoneally, 
the equivalent of 200 mg. of hemin was injected thrice weekly for 

7 to 19 weeks; subcutaneously, up to five injections were given on 

alternate days. Intravenously, ferrihemate was given to produce 

initial plasma concentrations of 10 to 51 mg. per cent. Absorp 
tion from subcutaneous and intraperitoneal routes was very slow. 

Toxic effects, which may be explained largely by the relative 

insolubility of ferrihemate at blood pH, varied with concentration, 

rate of absorption, and method of administration. Ferrihemate 
injected intravenously persisted in the plasma for several hours 


th 
th 
bil 
bil 
en 
lin 
an 
re 
| ing 
bit 
bi 
vo 
ho 
an 
ju 
3 vil 
lib 

hy 
m 
ly: 
: th 

in 

ag 

wi 
(ri 

do 
bhi 
Ti 


Society of Biological Chemists Ixxi 


2 days depending on initial concentration. It was not excreted in 
the urine and did not form a methemoglobin-like derivative with 
the plasma proteins. There was an occasional slight increase of 
bilirubin and porphyrins in urine but no elevation of serum 
bilirubin. Ferrihemate was carried and deposited in the reticulo- 
endothelial system. Our results indicate that the dog has a very 
limited capacity to metabolize unconjugated hematin. 


Morphine Excretion As Determined in Hydrolyzed and Un- 
hydrolyzed Urine from Morphine Addicts. By Frep W. 
Oserst. From the United States Public Health Service Hos- 
pital, Lexington, Kentucky 
The relationship between the amounts of morphine administered 

and its urinary excretion was investigated in morphine addicts 
receiving the alkaloidal sulfate subcutaneously in amounts vary- 
ing from 100 to 4400 mg. per day. Urine saturated with sodium 
bicarbonate yields morphine base which presumably was com- 
bined with acids as salts. Urine acidified with one-fifth of its 
volume of concentrated hydrochloric acid and hydrolyzed for 3 
hours yields from 2 to 21 times more morphine, depending on the 
amount injected. The additional morphine presumably is con- 
jugated with some unknown substance, since only after long and 
vigorous acid hydrolysis was the maximal amount of the morphine 
liberated. The quantitative determination of total morphine in 
hydrolyzed urine was made by three independent methods. The 
morphine base was also identified by its isolation from the hydro- 
lyzed urine in pure crystalline form melting at 247-248°. 

The amounts of both the free and the combined morphine in 
the urine were increased when the dosage levels were markedly 
increased. In 64 samples of urine from eleven patients the aver- 
age daily per cent of morphine excreted in unhydrolyzed urine 
was 5.0 (range 0.7 to 12.0), while that in hydrolyzed urine was 30.5 
(range 12 to 55). The low percentage excretion values for a given 
dosage are invariably associated with low urine volumes, and the 
high values with high urine volumes. 


The Nature of the Blood and Tissue Changes Produced by Feed- 
ing Cholesterol to Guinea Pigs. By Ruts Oxry anv Vera D. 
Greaves. From the Department of Home Economics and the 
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Agricultural Experiment Station, University of California, 

Berkeley 

As previously reported,* guinea pigs fed 1 per cent cholesterg| 
developed in from 7 to 9 weeks a severe anemia, with enlarged and 
fatty livers and spleens approximately 10 times normal size. 

Choline, both as such (20 mg. daily doses) and in dried egg yolk 
lecithin (4.5 per cent of the diet), delays but does not prevent onset 
of the anemia. Higher choline intakes are toxic to control 
animals. 

Increase of the protein in the diet from 20 per cent to 25, 30, 
and 40 per cent levels has been progressively less well tolerated, 
46 per cent of the animals fed cholesterol with 30 and 40 per cent 
casein had stones (largely calcium phosphate) in the gallbladder, 
as did less than 10 per cent of the animals fed cholesterol with % 
and 25 per cent casein. These stones have not been observed in 
control animals. 

Increases in the intake of ascorbic acid, vitamins of the B com. 
plex, A, and E, and of iron have been without effect on the anemia 
but extra “grass juice factor” fed as lettuce has somewhat delayed 
its onset. 

With all these variations in the cholesterol diet the anemia has 
been consistently characterized by large proportions of immature 
cells in bone marrow, color indices near control level, high reticu- 
locyte counts, decreased lecithin to free cholesterol ratios in tissue, 
and a histological picture which suggests that the altered lipid 
ratios result in impairment of ability of the tissue cells to take in 
water-soluble nutrients. 


The Nutritive Value of Cottonseed Meal. By H. 8S. Oxcort. 
From the Multiple Industrial Fellowship of the Cotton Research 
Foundation, Mellon Institute, Pittsburgh 
Investigations of the nutritive value of cottonseed proteins are 

complicated by the presence of the toxic factor, gossypol, in the 

kernel. The methods used for preparing cottonseed meats for 
pressing include a cooking procedure during which the gossypol 
is detoxified, presumably by combin. tion with protein. 

In the present series of rat feeding experiments, it has been 
confirmed that the protein of ether-extracted cottonseed meats is 


* Okey, R., and Greaves, V. D., J. Biol. Chem., 129, 111 (1939). 
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excellent for growth promotion, at levels as low as 12 per cent of 
the diet. Autoclaving such meal decreases the value of the 
protein, but the autoclaved meal is still superior to commercial 
cottonseed meal as a source of protein, even though the heat treat- 
ment has been more drastic. This lower value of the commercial 
meal does not appear to be due to a toxicity of the protein-gossypol 
complex, but rather to a loss of availability for an appreciable part 
of the original protein. The biological value of the commercial 
meal cannot be increased by supplements of lysine, cystine, or 
tryptophane. 

Diets containing free gossypol introduced as a solution in oil 
lose their toxicity upon standing. The disappearance of gossypol 
is analogous to that observed with the fat-soluble vitamins and is 
induced by the oxidation of the glycerides. A lack of appreciation 
of the fact that gossypol can be detoxified by two entirely different 
mechanisms, oxidation and combination with protein, may be 
responsible for the many conflicting reports on the biological 
efficiency of cottonseed meal in stock foods. 


Factor W and Pantothenic Acid in the Nutrition of the Rat. By 
J. J. Oteson AND Srwon Biack. From the Department of 
Biochemistry, University of Wisconsin, Madison 
In 1936, Elvehjem, Koehn, and Oleson* demonstrated the 

existence of a new growth factor for rats (factor W) distinct from 

thiamine, riboflavin, vitamin Bs, and the chick antidermatitis 
factor (filtrate factor). In this paper, further evidence is pre- 
sented that the chick antidermatitis factor (pantothenic acid) is 

required by the rat in addition to factor W. 

That one of the factors required by the rat is pantothenic acid 
is shown by the following properties. It is extracted from acid 
solution with ether. It is inactivated by alkali and reactivated by 
conjugation with #-alanine. Its activity is lost upon acetylation 
and regenerated by mild hydrolysis of the acetyl derivative. 
Furthermore, all preparations which promote good growth in the 
rat contain significant amounts of pantothenic acid as shown by 
bacterial assay. 

Factor W is distinguished from pantothenic acid by its failure 


* Elvehjem, C. A., Koehn, C. J., Jr., and Oleson, J. J., J. Biol. Chem., 
115, 707 (1936). 
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to be extracted from crude concentrates with ether and its stability 
to alkali. 

Fractions containing each factor practically free of the other 
have been prepared. Neither is active alone but good responses 
are obtained when the two fractions are combined. However, 
growth comparable to that obtained with liver extract does not 
result when more purified fractions of factor W and pantothenic 
acid are fed, indicating that at least one more growth factor is 
required by the rat. 


The Effects of Certain Inorganic Substances on the Glucose 
Tolerance of the Diabetic Rat. By James M. OrvTeN anp 
Henry B. Devin. From the Department of Physiological 
Chemistry, Wayne University College of Medicine, Detroit 
A study of the effects of copper, which has been alleged to exert 

an insulin-sparing action in the diabetic organism, and of sodium 

and potassium chlorides on the tolerance to glucose of diabetic 
rats is being made. Adult intact and partially pancreatectomized 
rats of the Connecticut Agricultural Experiment Station strain 
were used as experimental animals. After 16 to 18 hours fasting, 

350 mg. of glucose per 100 gm. of body weight were adminis- 

tered intraperitoneally and the sugar content of blood obtained 

from a tail vein was determined at regular intervals during a 5 

hour period. 

Approximately 40 per cent of the intact rats were found to have 

a low tolerance to glucose, the tolerance curves resembling those 

of the partially pancreatectomized animals. The administration 

of copper, as copper sulfate, either orally, subcutaneously, or 
intraperitoneally before or at the time of the injection of the 
glucose had no appreciable effect on the tolerance to glucose of 
either the intact diabetic rats or the pancreatectomized animals. 

However, the administration of sodium chloride, isotonic with the 

glucose solution injected, resulted in a normal tolerance to glucose 

in both types of diabetic rats. The results of further studies, 
now in progress, will be discussed. 


On the Quantitative Determination of Nicotinic Acid and Its 
Derivatives in Urine. By Witiuiam A. Perizweic, EDWARD 
D. Levy, Herpert Sarerr. From the Department 
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Biochemistry, Duke University School of Medicine, Durham, 

North Carolina 

All of the recent colorimetric methods for the determination of 
nicotinic acid and its derivatives in biological materials are based 
either on Vongerichten’s reaction with dinitrochlorobenzene* or 
Koenig’s reaction with CNBr and an aromatic amine.t On appli- 
cation of these methods to urine it was found that human and dog 
urines contain pyridine derivatives (pyridine, methylated pyridi- 
nium bases, nicotine in smokers) which modify the above reactions, 
interfere with them, and prevent the quantitative recovery of 
added nicotinie acid. This becomes clearly apparent when the 
absorption of the color is measured spectrophotometrically 
throughout the entire visible range. In an attempt to separate 
the interfering substances from nicotinic acid the following steps 
were developed: selective adsorption of nicotinic acid and its 
derivatives upon a fullers’ earth and elution; optimal conditions 
for the complete hydrolysis of the amide and of the glycine conju- 
gate; distillation of the pyridine bases and of alkaloids; removal 
of the urinary pigments with Pb salts; color development with 
CNBr and an amine and the extraction of the dye with butyl 
aleohol. 

By combining these steps it has been possible so far to effect 
only a partial elimination of the interfering factors. The applica- 
tion of rigorous criteria to the solution of this problem will be 
discussed. 


Biotin Requirements of Clostridia and Assay of Biological Mate- 
rials for Biotin. By W. H. Pererson, L. E. McDANteL, AND 
EvizaBpetH McCoy. From the Departments of Biochemistry 
and Agricultural Bacteriology, University of Wisconsin, Madison 
Biotin has been reported recently as essential for the growth of 

certain Clostridia. We have confirmed the report of Snell and 

Williams* and have tested additional species against either biotin 

(kindly supplied by Dr. Williams) or a biotin-rich concentrate. 

On a synthetic medium (glucose, asparagine, and salts) addition 

of biotin (0.00001 microgram per cc.) produced good growth with 


* Ber. chem. Ges., 32, 2571 (1899). 
t J. prakt. Chem., 69, 105 (1904). 
* Snell, E. E., and Williams, R. J., J. Am. Chem. Soc., 61, 3504 (1939). 
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seven species, including Clostridium sporogenes, not previously 
known to require biotin. These results indicate that at least one 
constituent of the so called ‘“‘sporogenes vitamin’’ is biotin. 

No response was obtained with twenty other species, of which 
the following are representative: Cl. acetobutylicum, Cl. botulinum, 
Cl. welchii, Cl. histolyticum. Many of these probably require 
biotin but failed to grow because of the absence of other essential 
constituents. Some of the latter are probably unidentified, for 
in the case of Cl. acetobutylicum no combination of known factors 
induced growth. 

Since biotin is the only growth factor required by Cl. butylicum, 
this organism may be used to assay natural materials. The biotin 
content is ascertained by comparing the growth produced on 
addition of a natural material to the basal medium with that 
obtained with known amounts of pure biotin. The richest 
sources proved to be molasses, Vitab II, alfalfa, and egg yolk. 
Cereal grains, peptone, and extracts of liver, yeast, beef, and malt 
were fairly rich. Lean meats, vegetables, fruits, and milk were 
poor sources. The wide distribution of biotin in plant and animal 
materials suggests that it may also be required by animals. 


Isolation of a New Nitrogenous Acid from the Adrenal Gland. 
By J. J. Prirrner anp H. B. Nortu. From the Research 
Laboratories of Parke, Davis and Company, Detroit 
While seeking a further supply of the phenolic base, adreno- 

diamine, we have isolated a new acid from the adrenal glands of 

cattle. It is very soluble in most organic solvents but erystal- 
lizes readily in rosettes of long flat needles from dilute alcohol or 

from water on acidification of its sodium salt. It melts at 124 

125° (uncorrected). The most probable molecular formula is 

CizH»O;Ne. It is optically inactive. Examination of its absorp- 

tion spectrum indicated a single band at approximately 220 mg. 

With diazomethane it yields a liquid monomethyl] ester. A crys 

talline p-phenyl phenacyl ester and p-nitrobenzyl ester were 

prepared. The former crystallizes with 1 molecule of ethyl 
alcohol and has no sharp melting point. The latter melts at 
114-116°. The compound was not acetylated nor did it form & 
semicarbazone under the usual conditions. It gave a negative 
test for alkoxyl and was not attacked by warm nitric acid. The 
substance is seemingly unrelated to the functional activity of the 
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gland but the elucidation of its structure should prove of interest 
from a metabolic point of view. We suggest the name “adrenic 


acid.” 


Some New Adrenal Steroid Ketones. By J. J. PrirrNeR AND 
H. B. Norts. From the Research Laboratories of Parke, 
Davis and Company, Detroit 
We wish to add two a-§-unsaturated ketones to the large number 

of adrenal steroids which have been isolated and described in 
recent years. One has been shown to be a 17-hydroxyproges- 
terone. It is practically devoid of progestational or cortical 
activity but displays androgenic activity comparable to that of 
adrenosterone in the immature castrated rat. Formation of this 
compound in the organism may explain the androgenic action of 
large doses of progesterone. It may also account in part for the 
androgenic activity of the urine in cases of adrenal tumor. The 
second ketone (m.p. 261—264° with decomposition, uncorrected; 
[a] 2 = + 133° + 4°) is of particular interest because results ob- 
tained thus far indicate it to be a member of a new series. It 
analyzes for CoHos-3O0,. It yields a monosemicarbazone and a 
monoacetate (m.p. 202-204°). With mild chromic acid oxidation 
a neutral oxidation product was obtained (m.p. 206-208°) which 
analyzed as Co,Hog_20,, and which yielded a monosemicarbazone 
(m.p. 242-245° with decomposition). These observations indi- 
cate that all 4 oxygen atoms are on the nucleus. The carbonyl 
group is presumably in the 3 position. The reactive hydroxyl 
group may be located at C 11 with a steric configuration opposite 
to that in corticosterone. This would account for the formation 
of a neutral oxidation product having only one reactive carbonyl 
group. The compound has no cortical, androgenic, or progesta- 
tional activity. 


The Excretion of Sulfate by Normal Men. By Marscue.ie H. 
Power, ARNOLDUs GovupsmiT, Jr., AND NorMAN M. 
From the Division of Biochemistry and the Division of Medicine, 
The Mayo Foundation, Rochester, Minnesota 
We have reported previously* that when solutions containing 

both sodium sulfate and sucrose are injected intravenously the 


2 Power, M. H., Goudsmit, A., Jr., and Keith, N. M., Proc. Am. Soc. 
Biol. Chem., J. Biol. Chem., 128, p. Ixxix (1939). 
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sulfate clearances, which at endogenous levels of the serum sulfate 
are about 25 to 40 per cent of sucrose clearances, increase to 
values nearly equal to or sometimes slightly greater than the 
sucrose clearances. The sulfate to sucrose clearance ratios in 4 
given individual were found to be constant as the serum sulfate 
decreased from values 15 to 30 times normal down to values 7 to 10 
times normal. Subsequent data indicate that within the range 
of serum sulfate from normal to about 5 times normal the sulfate 
clearances will assume values intermediate between the endogenous 
and the maximal clearances, depending on the level of the serum 
sulfate. 

Our results are in harmony with those published recently by 
Bjering and Qllgaard.t These authors accounted for the relatively 
low endogenous sulfate clearances in man by assuming that most 
of the inorganic sulfate is present in plasma in a non-filtrable 
form, and conversely, for the relatively high clearances observed 
after adminstration of sulfate by assuming that exogenous sulfate 
is freely eliminated by glomerular filtration without appreciable 
tubular reabsorption. We consider that the view of non-filtra- 
bility of endogenous plasma sulfate is less well supported by experi- 
mental evidence than that of practically complete filtrability; 
consequently we retain the opinion that endogenous and exogenous 
sulfates are both probably excreted by glomerular filtration with 
subsequent reabsorption of more or less constant amounts of the 
filtered sulfate. 


Assay Method for Vitamin K. By Armanp J. Quick. From 
the Department of Pharmacology, Marquette University School 
of Medicine, Milwaukee 
Since vitamin K is essential for the synthesis of prothrombin, 

the most logical method for assaying this agent is to find the 

minimum amount required to restore the prothrombin to the 

normal level in chicks suffering from a deficiency of vitamin K. 

The following method was developed. Chicks 1 week old are 

put on the Almquist diet. When the prothrombin is decreased to 

10 per cent of normal, the material to be tested is fed. After 24 

hours, the prothrombin of the blood is determined. The smallest 

quantity necessary to restore the prothrombin to the normal level 


t Bjering, T., and Ollgaard, E., Acta med. Scand., 102, 55-78 (1939). 
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ean readily be determined. For the estimation of prothrombin, 
0.45 ec. of blood is taken from the wing vein and mixed with 0.05 
ec. of 0.1 M sodium oxalate. The thromboplastin is prepared from 
chicken brain by the author’s acetone method. The same tech- 
nique is used for determining prothrombin in chicken as in human 
blood. By means of this method the maintenance dose of vitamin 
K can be determined as well as the daily loss of prothrombin, It 
is further useful for demonstrating the greater efficacy of vitamin 
K over transfusion for restoring prothrombin. Feeding excessive 
amounts of vitamin K will not cause the prothrombin to rise 
above a fixed level. 


Further Studies on the Determination of Inorganic Sulfate in 
Serum. By Joun G. anv T. V. Leronorr. From 
the Division of Biochemistry, Philadelphia General Hospital, 
and the Department of Physiological Chemistry, School of Medi- 
cine, University of Pennsylvania, Philadelphia 
When sulfate is added to serum preceding deproteinization by 

uranium acetate as described in the method of the writers* or by 

the ferric chloride-ammonium hydroxide-ammonium acetate 
reagent of Hoffman and Cardon,f recovery is incomplete unless 
protein is removed immediately. About 40 per cent of the sulfate 
added is not recovered, variations in the quantities added having 
little effect over wide limits. However, sulfate added to citrated 
plasma can be recovered quantitatively for an indefinite period. 

Binding of the added sulfate by serum therefore is associated with 

the clotting mechanism and the presence of only a small clot 

prevents quantitative recovery of added sulfate. The possible 
relationship to heparin or other sulfur-containing anticoagulant is 
to be investigated. 

Despite the reaction of sulfate with serum, serum and citrated 
plasma derived from the same specimen of blood give identical 
values for inorganic sulfate. That portion of the sulfate added to 
serum not recovered as inorganic sulfate cannot be recovered in 
the total non-protein sulfur of filtrates of the type mentioned 
above. It is liberated when serum is deproteinized by trichloro- 
acetic acid. However, trichloroacetic acid, especially in higher 


* Letonoff, T. V., and Reinhold, J. G., J. Biol. Chem., 114, 147 (1936). 
t Hoffman, W. S., and Cardon, R., J. Biol. Chem., 109, 717 (1935). 
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concentrations (1 cc. of 20 per cent solution per cc. of serum), 
attacks also ethereal sulfate and liberates significant amounts of 
sulfate; therefore its suitability when used in such concentrations 
for the determination of inorganic sulfate of serum is questionable, 


The Relationship of Phosphorus to the Metabolism of Fat and 
Glucose. By Raymonp Rerser. From the Animal Hus 
bandry Research Laboratory, State College of Agriculture, Uni- 
versity of North Carolina, Raleigh 
The intestinal mucosa, liver, and kidney of fasting swine were | 

analyzed 1 hour after the ingestion of glucose and 2 hours after 

the ingestion of cottonseed oil. It was found that after the inges. 
tion of glucose the acid-soluble ester phosphorus of the mucosa 
and kidney increased, the increase in the mucosa being partially 
at the expense of the inorganic fraction. Both the inorganic and 
ester fractions of the acid-soluble phosphorus of the liver decreased. 
a The inorganic fraction of the kidney did not change significantly. 
ae) | After the ingestion of oil there was a marked increase in the 
acid-soluble ester phosphorus of all three organs and a smaller 
though significant increase in the inorganic phosphorus of the 
mucosa and liver. There was, also, an increase in the total 
reducing substance in the trichloroacetic acid filtrate of all three 

/ organs after oil ingestion, the increase in the liver being as great 

| as after glucose. 

| The data have been evaluated statistically. 


Liquid Ammonia As a Reagent in the Study of Biochemical Com- 
pounds. By Ricwarp G. Roserts. From the Department 
of Physiological Chemistry, Chicago Medical School, Chicago 
Liquid ammonia is the most general solvent known, second 

only to water.* However, most of the work on this nitrogenous 

solvent has been done with salts and simpler organic compounds. 

But liquid ammonia is also a good solvent for many biological 

compounds of complex structure. Here, however, with com- 

pounds of definite physiological activity, such as the hormones 
two other factors became of great importance, inactivation and 
prolonged or intensified activity. 


* Franklin, E. C., Nitrogen system of compounds, New York (1936). 
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Most of the amino acids and some simple peptides are soluble 
in liquid ammonia, while most proteins are insoluble, crystalline 
insulin being a notable exception. Adrenalin forms a suspension, 
but passes through a sintered glass filter of 20 » porosity, forming 
a clear filtrate which reverts to a suspension on standing. It 
seems to exhibit properties of thixotropy, and precipitates from 
liquid ammonia in the form of circular platelets. It forms a pre- 
cipitate with glycine, which has a more prolonged pressor action 
than adrenalin. Crystalline insulin forms a precipitate with 
glycine also, but the product, if anything, is less active. Hematin 
is soluble and forms a conjugate with glycine, this conjugate being 
soluble in water at pH 7.4. Parathyroid hormone is insoluble 
and slightly inactivated. Beef and hog anterior pituitary powders 
yield soluble fractions, all being inactive; gonadogen (Upjohn) 
does likewise. Powdered digitalis yields a soluble fraction, both 
fractions being inactive. Powdered senna also yields a soluble 
fraction, but the activity remains in the insoluble fraction. 
(With the exception of adrenalin, the bioassay determinations 
were made by Dr. W. R. Tweedy, Dr. E. Geiger, and Dr. C. P. 


Kraatz.) 


The Biuret Reaction in the Determination of Serum Proteins. 
I. A Study of the Conditions Necessary for the Production of © 
a Stable Color Which Bears a Quantitative Relationship to the 
Protein Concentration. By Howarp W. RoBINSON AND 
Cortnne G. Hoapen. From the Children’s Hospital Research 
Foundation and the Department of Pediatrics, College of Medi- 
cine, University of Cincinnati, Cincinnati 
Although the biuret reaction has been successfully employed 

for the determination of serum proteins, many investigators have 

avoided its use because of unsatisfactory standards, instability of 
color, and presence of other color-producing substances. 
Absorption curves of the color produced with varying concen- 
trations of NaOH and CuSO, have been made and the density 
values at wave-lengths 560 and 700 my compared with the nitro- 
gen content of the solution. A color which remained constant 
for at least 48 hours was obtained in this manner: Serum is pre- 
cipitated with CCl,COOH, centrifuged, the precipitate dissolved 
in’3 per cent NaOH, and color developed with CuSO,. A wide 
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variation in the concentration of Cu had no influence on color. 
Rabbit serum diluted with saline was more satisfactory as 
standard than dog or human serum, for, when kept in a refrigerator 
for 6 months, it gave the original protein value. In 3 per cent 
NaOH the density values were entirely proportional to the quan- 
tity of protein present and the amount due to Cu uncombined 
with protein was almost negligible, whereas in higher concentra- 
tions of alkali this increment became a much greater proportion 
of the total density. 

Filtration of the color solution through No. 00 Munktell paper 
lowered the density value with no change in the nitrogen content, 
Reproducibility of this clear color solution in relation to N content 
has led us to believe that accurate determinations can be made 
without a standard in any photoelectric colorimeter with suitable 


filters. 


The Relation of Nutrition to Gastric Function. II. The Effect 
of a Dietary Deficiency of Vitamin C. By Joszern H. Roz, 
James M. Haut, aND Heven M. Dyer. From the Depart- 
ment of Biochemistry, School of Medicine, George Washington 
University, Washington 
Guinea pigs were placed on a scurvy-producing diet. In deter- 

mination of the gastric function histamine was injected into a 
fasted animal every 15 minutes and the stomach contents were 
removed every half hour for 2 hours. The volume of gastric 
juice, the total acidity, and the free HCl were determined. In 
acute scurvy there is a marked reduction in the volume of gastric 
juice secreted and a decrease in the acidity. Up to the time of 
onset of severe scurvy symptoms there appears to be little or no 
diminution in secretory function. 


Chemical Studies on Powdered Wool. By Josepnu I. Roun. 
From the Biochemical Laboratory, State University of Iowa, 
Towa City 
Several batches of powdered wool were prepared by being 

ground in a ball mill for variable periods of time. Before it was 
ground, the wool was either cut into short fibers with scissors or 
into very fine pieces with a Wiley mill. The powdered material 
was separated into fractions of different particle size by a series of 
screens (100 to 325 mesh). 
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By extraction with water each of these fractions was separated 
into soluble and insoluble portions. Nitrogen, sulfur, and cystine 
determinations were made on the original powdered wool, on the 
water-soluble portion, and on the residual insoluble material. 

The nitrogen and sulfur content of the wool was not appreciably 
altered by the grinding process; however, a progressive decrease 
in cystine was observed as the time of grinding increased. The 
soluble portion contained nitrogen and sulfur, which increased 
with the time of grinding. It appears that the duration of grind- 
ing has more influence on the increase in soluble nitrogen and 
sulfur of the powdered wool and on the decrease in its cystine 
content than the variation in particle size. 


The Supplementary Relationship of Vitamin B, and Unsaturated 
Fatty Acids. By W. D. Satmon. From the Laboratory of 
Animal Nutrition, Alabama Polytechnic Institute, Auburn 
On a fat-free diet supplemented with carotene, calciferol, 

thiamine, riboflavin, and factor 2, rats made very little growth and 
consistently developed erythema on the nose and feet, a generalized 
sealiness and fissuring of the skin, and a severe hematuria. The 
addition of synthetic vitamin Bs (Merck) produced a marked 
stimulation of growth, prevented the erythema, and reduced the 
severity of the scaly condition of the skin. The hematuria was 
not prevented, however, and the rats eventually succumbed. 

The addition of methy] linolate or corn oil (without vitamin Beg) 
prevented the hematuria as well as the erythema and scaliness of 
the skin but produced relatively little growth. The further addi- 
tion of vitamin Bs resulted in a marked increase in the rate of 
growth. 

When the carbohydrate of the vitamin Be-free diet was entirely 
replaced with fat, a slow but continued rate of growth resulted. 
The addition of vitamin B, to the high fat diet markedly increased 
the rate of growth. 

Although the vitamin B, and the essential fatty acids can to a 
certain extent mutually alleviate the deficiency of each other, the 
= of both in the diet is necessary for normal nutrition of 
the rat. 


Studies on Invertebrate Hemoglobins. By Kurt SALomon. 
From the Laboratories of Physiological Chemistry and of Pharma- 
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cology and Toxicology, Yale University School of Medicine, ) 

New Haven | 

Two hemoglobins occurring in worms (erythrocruorins jp | 
Svedberg’s terminology) have been studied from a chemical and 
physicochemical point of view in order to enable a comparison 
of their properties with those of vertebrate hemoglobin. These 
si " properties include the absorption spectrum of the pigments and of 
| some of their derivatives, their stability towards denaturation, 

the ease of their oxidation to the ferri compounds, their behavior 

in the ultracentrifuge and in electrical fields. A successful at- 

tempt has been made to utilize the air-driven ultracentrifuge for 
| the purification of such pigments. Particular attention was paid 
to the question as to the number of heme groups per erythro- 

cruorin molecule. Two very different types of erythrocruorin 

were studied in this work, viz. the macromolecular respiratory 
/ pigment of the common earthworm (Lumbricus terrestris) and 
the low molecular respiratory protein of the so called blood-worm 
(Glycera dibranchiata, Ehlers). In accordance with the general 
rule of Svedberg the former is freely dissolved in the plasma, 
whereas the latter is locked up in corpuscles which are found in the 
body fluid. 

The relatively large amount of pigment present in the blood- 
worm has made it possible to isolate sufficient quantities of pure 
crystalline hemin to permit a determination of the configuration 
ig of the porphyrin side chains in order to decide whether the heme 

* grouping in invertebrates is identical with that of the vertebrates 
as is generally assumed without a sufficient experimental basis, 


Direct Action of Nicotinamide As a Respiratory Stimulator. By 
Saunpers, ALBERT DorFMAN, AND S. A. Koser. From 
ae the Departments of Biochemistry and of Bacteriology and Para- 
ey, sitology of the University of Chicago, Chicago 
The respiration of dysentery bacilli grown on suboptimum 
4 amounts of nicotinamide with glucose as substrate is stimulated by 
ES nicotinic acid, nicotinamide, or coenzyme I. This stimulation 
might be thought of as being due to synthesis of coenzyme I or Il, 
f or a closely related coenzyme. The purpose of this report is to 
show that nicotinamide functions directly as a respiratory stimula- 
tor without being synthesized to a known coenzyme. This 
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statement is supported by the following experimental resuits. (1) 
Coenzymes I and IL are less effective as growth factors for dysentery 
bacilli than an equivalent amount of nicotinamide. If coenzymes 
I and II are autoclaved their growth-promoting activity is in- 
ereased. (2) The ratio, time of reduction of methylene blue by 
cells to reduction by cells plus nicotinamide, is not affected by 
time of incubation. (3) Coenzymes I and II are less active than 
nicotinamide as respiratory stimulators. When coenzymes I and 
[I are autoclaved, their activity is increased. The more complete 
the hydrolysis, the greater the increase in activity. (4) When 
Proteus vulgaris cells grown on a medium deficient in nicotinamide 
are used, nicotinamide stimulates the respiration with glucose as 
substrate, but with lactate as substrate nicotinamide is inactive, 
while cozymase stimulates respiration. Other systems which are 
known to be stimulated by coenzyme I are not stimulated by 
nicotinamide. On the basis of these facts we postulate that 
metabolism of glucose by dysentery bacilli involves a type of 
respiration not yet described and one in which nicotinamide can 
act directly without previous synthesis to a known coenzyme. 


Development of “Sulfapyridine Fastness” in Vivo. By L. H. 
Scumipt AND HerMaAN From the Christ Hospital 
Research Institute and the Department of Biochemistry, College of 
Medicine, University of Cincinnati, Cincinnati 
A group of mice was infected with a strain of Type III pneumo- 

coccus and was treated with sulfapyridine for 6 days. All of these 

mice survived the treatment period, but died within 3 days after 
therapy was stopped. A second group was infected similarly with 
pneumococci isolated at the time of death from mice belonging to 
the first group. These mice were treated with sulfapyridine as 
were those of the original group, but some died during the treat- 
ment period and all were dead within 36 hours after therapy was 
discontinued. When this infection procedure was repeated in a 
third, fourth, and fifth group of mice, deaths occurred earlier in 
each succeeding group. In the fifth group some of the animals 
died as early as the 2nd day of treatment, the majority died on the 
3rd day, and all were dead by the 4th day. Since there were no 
differences between the virulence and invasiveness of the parent 
organisms and those isolated from mice of the fifth treated group, 
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the pneumococci must have become insensitive or “‘fast’’ to the 
drug during the treatment periods. 

The results of experiments in vitro support this conclusion, 
Sulfapyridine added to infusion broth, or infusion broth plus 
glucose, or blood broth, inhibited the growth of the parent organ- 
isms throughout a 48 hour period. Under similar conditions the 
growth of the “‘fast”’ strain was inhibited for 12 hours only, after 
which this strain grew as well in sulfapyridine-containing media 
as in media without sulfapyridine. 


Evidence of the Complex Nature of the Alcoholic Precipitate 
Factor Required by the Chick. By A. E. Scuumacuer, G. F. 
Heuser, AND L. C. Norris. From the Department of Poultry 
Husbandry, Cornell University, Ithaca 
A report was made recently of a factor, precipitated by alcohol, 

which is required for growth and reproduction in the domestic 
fowl. In order to study the alcohol precipitate factor more 
effectively a special diet,* more deficient in the factor than the 
ones previously used, was developed. This diet, it is now evident, 
is deficient in at least two factors required for chick growth rather 
than one. 

The factors are extracted from yeast with 0.24 n HCl. Upon 
concentration and addition of 10 parts of ethyl alcohol by volume, 
factor 2 is precipitated, while factor 1 remains in the filtrate. 
Factor 1 is then precipitated by neutralizing the alcohol filtrate. 

The addition of factor 2 equivalent to 5, 10, and 15 per cent 
yeast to the basal diet promoted growth which was significantly 
better than that obtained with the unsupplemented diet. No 
differences in growth were obtained on the various levels of 
factor 2. The addition of factor 1 equivalent to 5 per cent yeast 
to factor 2 promoted growth which was significantly better than 
that obtained on factor 2 alone. This growth was equal to that 
obtained with the untreated extract equivalent to 5 per cent yeast. 

By precipitation with alcohol both factors are separated from 
nicotinic acid, pantothenic acid, riboflavin, thiamine, and vitamin 
Bs. Differences in solubility favor the non-identity of these 
factors with factor W. Their presence in yeast makes it improba- 
ble that either one is identical with the grass juice factor. 


* Schumacher, A. E., and Heuser, G. F., Powliry Sc., 18, 411 (1939). 
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Ascorbic Acid and the Metabolism of the Aromatic Amino Acids, 
Phenylalanine and Tyrosine. By Rosert RipGELy SEALOCK, 
Jesse D. Perkinson, AND HANNAH E. From 
the Department of Vital Economics, The University of Rochester, 
Rochester, New York 
In the recent demonstration that vitamin C prevents the excre- 

tion of homogentisic acid resulting from the feeding of tyrosine 

to guinea pigs, qualitative tests indicated that other metabolites 
were also excreted on the ascorbic acid-deficient diet. With daily 
supplements of 0.5 to 1.0 gm. of /-tyrosine approximately 30 per 
cent is present in the urine as homogentisic acid and 30 per cent 
as the p-hydroxyphenylpyruvic acid. With similar amounts of 

L-phenylalanine comparable levels of the corresponding metabolites 

are present. In addition, traces of the lactic acid derivatives and 

the unchanged amino acids are also excreted. Administration of 

5 to 10 mg. of ascorbic acid daily inhibits within 24 to 72 hours the 

excretion of the catabolites and subsequent removal of the vitamin 

causes their prompt reappearance in the urine. That the state 
of vitamin saturation of the animal body is an important factor is 
indicated by the fact that animals exhibiting scorbutic symptoms 
require larger doses of vitamin than those with no symptoms. 

These findings with experimental animals furnish evidence that 

ascorbic acid is essential to the normal oxidative breakdown of 

these aromatic amino acids and are in agreement with the recent 
experiments of Levine, Marples, and Gordon,* who find that 
vitamin C will prevent the excretion of the same metabolic 
substances by premature infants. 

In addition to the above results, similar feeding experiments 
with the unnatural isomers of phenylalanine and tyrosine and the 
corresponding keto acids will be reported. 


Studies on the Chemical Treatment of Tumors. V. Separation 
of the Hemorrhage-Producing Fraction from Bacillus prodi- 
giosus Filtrates. By M. J. SHear AND Fioyp C. TURNER. 
From the National Cancer Institute, United States Public Health 
Service, Bethesda, Maryland 
The method used* for separating, from broth cultures of Bacillus 


* Levine, 8. Z., Marples, E., and Gordon, A. H., Science, 90, 620 (1939). 
* Shear, M. J., and Andervont, H. B., Proc. Soc. Exp. Biol. and Med., 34, 
323 (1936). 
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coli, the fraction which produces hemorrhage in mouse tumors was 
applied to similar cultures of Bacillus prodigiosus, an organism 
employed in the preparation of Coley’s ‘‘toxins.” 

Untreated broth culture filtrates contained 330 mouse tumor 
units per cc. as contrasted with 100 units per cc. for a commercial 
preparation of ‘‘Coley’s mixed toxins.’’ (A mouse tumor unit js 
defined as the amount required for production of hemorrhage ip 
a mouse sarcoma.) Fractionation gave a concentrate containing 
20,000 mouse tumor units per cc. 

Since the chief impurities were the constituents of the original 
broth culture medium, simple synthetic media were tried. One 
consisting of NH,4Cl, (NH4)eSO., KH2PO., NaOH, and glucose 
was found satisfactory. 

The filtrates, which had the same potency as those from broth 
cultures, were treated with CHC\I;; the resulting emulsions con 
tained practically all of the active material. After removal of 
the chloroform from the emulsions, addition of CeH;OH gavea 
precipitate which was water-soluble. A solution, with a potency 
of 133,000 mouse tumor units per cc., contained 26.4 mg. of total 
solids per cc.; 7.e., 0.2 y per mouse tumor unit as compared with 
0.4 y previously obtained with the Bacillus coli concentrate. 

The lethal dose of the various concentrates ranged from 100 to 
1000 times the minimum effective dose. 

Between pH 1 and 10, none of the active agent dialyzed through 
cellophane; none was destroyed except at high acid concentration. 

Techniques for large scale preparation of highly potent con- 
centrates have been worked out. 


pH Relations in Salt-Catalyzed Carbohydrate Oxidation. By 
Fay Suepparp, I. 8S. DANrELSON, AND Mark R. Everett. 
From the Department of Biochemistry, University of Oklahoma 
Medical School, Oklahoma City 
The theory that carbohydrates function as anions and are 
activated by hydroxy] ions during direct oxidation is not consonant 
with the anionic nature of common laboratory oxidants nor with 
the rapid salt-catalyzed oxidations by bromine and hydrogen 
peroxide in neutral or slightly acid solutions at room temperatures. 
Using a MacInnes glass electrode, the authors have made pH 
measurements in 1 per cent d-gluconolactone solutions during salt- 
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catalyzed oxidation by 2 equivalents of hydrogen peroxide. Only 
small changes of pH occur during the reaction which is rapid at 
pH 4 with iron salts. With potassium bicarbonate, oxidation is 
rapid at pH 6.6, optimal at 6.9 to 7.15, slow at 8.5, and inhibited 
at slightly greater alkalinity. Oxidative influences of hydroxyl 
jons are apparently exerted upon the oxidants and salts. 

Potassium bicarbonate exhibits stoichiometric relations to 
gluconolactone; increments in reducing products of the oxidation 
are 2, 17, 1, and 15 (as per cent glucose) for the first 4 equivalents 
of bicarbonate respectively, and 1 per cent each for the next 4 
equivalents. This suggests that two pairs of bicarbonate 
molecules combine with gluconolactone to effect catalysis. Phos- 
phates are inactive per’se but 2 equivalents of dipotassium phos- 
phate act synergistically with 4 of potassium bicarbonate to give 
22 per cent additional reducing material at pH 7.15. Copper, 
iron, nickel, and tungstate ions also catalyze hydrogen peroxide 
oxidation of carbohydrates. Dipotassium phosphate is inhibitory 
to iron salt catalysis. The relative inactivities of alkaline earths, 
borates, phosphates, etc., are not due to pH variations. 


Effect of Certain Fats upon the Utilization of Carotene. By W.C. 
SHERMAN. From the Laboratory of Animal Nutrition, Alabama 
Polytechnic Institute, Auburn 
Young rats receiving a low fat, vitamin A-free diet until 

ophthalmia and cessation of growth occurred showed a better 
growth response to low levels of 8-carotene when fed with certain 
purified oils than when fed alone. Oils high in unsaturated fatty 
acids gave the best growth. Fats which were too low in un- 
saturated fatty acids to protect against scaliness in the animals 
had no effect upon the growth. 

When methy] linolate was fed with low levels of carotene, the 
scaliness was alleviated, but the vitamin A deficiency was intensi- 
fied. After temporary improvement, the ophthalmia recurred and 
was accompanied by a loss of weight. This interference of methyl 
linolate with carotene utilization was prevented by the addition of 
soy bean oil or by feeding the two supplements several hours apart, 
in which case the methyl linolate improved the growth. Growth 
was also increased by methyl linolate when it was fed with larger 
amounts of carotene. 
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Methyl linolate did not cause direct destruction of the carotene 
prior to its ingestion by the rats and did not decrease the efficiency 
of absorption of carotene. It appears, therefore, that linoleic 
acid interferes with the metabolism of carotene or vitamin A and 
that certain oils contain factors which protect against this 
interference. 


The Photoelectric Measurement of Cell Volume. By A.rrep T. 
SuHont. From the Department of Pediatrics, Harvard Medical 
School, Boston 
A method is presented in which the transmission of light of 660 

my through a suspension of blood is correlated with values for 
cell volume obtained by the hematocrit method. For normal 
blood the correlation lies within 2 per cent. Fluctuations in 
hemoglobin content are without effect, but pathological variatiosn 
in the cell size and shape give divergences which are a measure of 
this variation. 


The Influence of Some Amino Acids on the Production of Fatty 
Livers in Mice by Diet. BySamA.Srncau. From the Depart- 
ment of Biological Chemistry, Medical School, University of 
Michigan, Ann Arbor 
The effects of the betaine of cystine, cystine disulfoxide, pento- 

cystine, and hexocystine on the liver fat of mice when added toa 
basal diet high in fat and low in lipotropic factors (5 per cent 
arachin and 40 per cent lard) have been studied. The betaine of 
cystine, like methionine but unlike cystine, has been found to 
exert a lipotropic action in that it prevented the accumulation of 
fat in the liver. On the other hand the addition of cystine disulf- 
oxide resulted in the deposition of fat in the liver in amounts over 
and above those observed on the basal diet, resembling cystine 
in this respect. It had been shown previously that homocystine 
could produce an effect similar to that of cystine, but the next 
higher homologues, pentocystine and hexocystine, were entirely 
without influence on the production of fatty livers. 


Further Evidence of the Mode of Action of Vitamin D. By 
Marcaret CamMMAcK Smita AND Harry Spector. From the 
Agricultural Experiment Station, the University of Arizona, 
Tucson 
That vitamin D functions at least in part by increasing the 
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permeability of the intestinal canal to the absorption of calcium 
and phosphorus is indicated by the finding that mineral oil inges- 
tion, which experimental work in this laboratory has shown to 
interfere with the healing of rachitic lesions in rats by cod liver oil, 
and to prevent normal retention of calcium and phosphorus by 
puppies given an adequate ration and supposedly protective doses 
of vitamin D as cod liver oil by mouth, also interferes with the 
action of vitamin D which is formed by external irradiation of the 
animal body. 

Rats made rachitic on Steenbock’s Diet 2965 were divided into 
two groups matched as to litter, sex, weight, and handling, except 
that one group received the basal ration plus 10 per cent mineral 
oil. Rats from each group were exposed to the ultraviolet lamp 
at the same time and for the same length of time during a 10 day 
test period. Line test findings on the bones showed, without 
exception, that healing was absent or less advanced in the group 
fed mineral oil. As mineral oil is probably not absorbed and 
plays its rédle only in the intestinal canal, evidence is given con- 
cerning one probable action of vitamin D as an antirachitic agent. 


A Study of Ascorbic Acid Synthesis by Rat Tissue. By C. V. 
SmyTHE AND C. G. Kina. From the Department of Chemistry, 
University of Pittsburgh, Pittsburgh 
Recent papers from our laboratory have shown that the 

synthesis and excretion of ascorbic acid by albino rats can be 

greatly stimulated by the administration of any one of a series of 
organic compounds. The site of formation of the vitamin and the 
mechanism by which it is formed are entirely unknown. In the 
present work experiments were carried out with the Warburg 
technique, on tissue slices and homogenized tissue from normal 
rats and from rats that were excreting large amounts of ascorbic 
acid, owing to treatment with the compounds mentioned above. 

As a general result of treatment with such compounds, there was 

a decreased rate of glycolysis and of oxygen consumption. The 

various tissues were analyzed for ascorbic acid at the beginning 

and at the end of the manometric experiments in the presence of 
various substrates. Practically all tissues showed an increase in 
reducing material when held anaerobically, but in some cases it 
was possible to show by the rate of reduction of dichlorobenzenone 
indophenol that there was practically no increase in ascorbic acid. 
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In other cases a reducing material was formed that so far cannot 
be distinguished from ascorbic acid. 


Pantothenic Acid Content of Tissues of Chicks on Diets Deficient 
in This Substance. By E. E. PENNINGTON, 
AND Rocer J. Wituiams. From the Department of Chemistry, 
University of Texas, Austin 
Day-old chicks were fed a starting mash for 4 days. One group 

was then fed Jukes’ heated ration.* A control group was fed this 

ration supplemented with 0.03 per cent of a pantothenic acid 
concentrate potency 600.¢ Jukes found this level sufficient for 
maximal growth on the above diet.* Differences began to appear 
within a week; after 23 days chicks of the deficient group averaged 

99 gm. and showed moderate to severe symptoms of chick der- 

matitis. Normal chicks of the control group averaged 215 gm. 
Chicks from each group were killed, and the desired tissues 

removed, ground, and autolyzed at 37°. Water extracts of the 
autolyzed tissues were assayed for pantothenic acid by the yeast 
growth method of Williams ef al.f and a modification of the 
bacterial test of Snell et al.t Results of both tests were in essen- 
tial agreement. In every case both the amounts and the per 
centages of pantothenic acid in tissues from the deficient group 
were decidedly lower than in those from the sufficient group. 

With spinal cord, brain, leg muscle, and blood the differences 

exceeded 50 per cent; with liver and kidney deficient tissues con- 

tained about 65 per cent as much pantothenic acid as the control 
tissues. 


Relation between Serum Magnesium Partition and Thyroid 
Gland. By Louis J. Sorrer, Epwarp GrossMAN, AND Harry 
Soporka. From the Laboratories of the Mount Sinai Hospital, 
New York 
The total magnesium in human blood serum shows but slight 

and insignificant variations in a variety of diseases; however, the 

amount of magnesium in an ultrafiltrate from serum varies con- 


* Jukes, T. H., J. Biol. Chem., 129, 225 (1939). 

t Williams, R. J., et al., J. Am. Chem. Soc., 60, 2719 (1938) ; Biochem. J., 
28, 1887 (1934). 

t Snell, E. E., et al., J. Bact., 38, 293 (1939) ; Biochem. J., 31, 1789 (1937). 


al 
| 
* 
| 
. 
. 
| 
| 


Society of Biological Chemists X¢iii 


siderably. Whereas normally 80 to 95 per cent of the total 
magnesium is not bound by the colloidal constituents of the 
serum, this figure regularly drops below 80 to values as low as 40 
per cent in untreated cases of Graves’ disease; on the other hand 
in myxedema the magnesium is completely filtrable. Administra- 
tion of iodine as well as thyroidectomy alters the level of ultra- 
filtrable magnesium. 

The values of total and filtrable magnesium in a number of 
warm- and cold-blooded species have been established as a basis 
for the investigation of the effect of thyroid and pituitary prepara- 
tions on the magnesium partition. 


Ketosis Caused by Overdoses of Insulin. By Micnart Somoeyi. 
From the Laboratory of the Jewish Hospital of St. Louis, St. 
Louis 
Insulin can exert two opposite effects upon ketosis. After injec- 

tion it first lowers the ketonemic level; if, however, it suffices to 

cause protracted hypoglycemia, ketonemia eventually rises 
appreciably above the pre-insulin levels. The phenomenon occurs 

in healthy as well as in diabetic individuals; in the latter, on a 

greatly magnified scale. 

With Hubbard’s method, the only reliable micromethod avail- 
able, we found in healthy men 30 to 50 per cent increases of 
ketonemia several hours after injecting 12 units of insulin. A 20 
to 30 per cent drop preceded the rise. 

Similar observations were made on non-diabetic patients who 
were treated for dementia precox with massive doses of insulin. 
Increases in ketonemia up to 200 per cent above the pre-insulin 
levels were found. 

The phenomenon was first observed in unstable diabetics; subse- 
quently it was experimentally produced in well regulated ‘patients, 
who in the past had been quite unstable. Their diets before and 
during the experiments contained over 300 gm. of available carbo- 
hydrate, of which 0 to 15 gm. was lost in the urine in 24 hours. 
Their insulin dosage was about 20 units per day. After a period 
of preliminary observation the insulin dose before the evening meal 
was increased by 6 units; this caused hypoglycemias between 10 
p.m. and 3 a.m., invariably entailing substantial degrees of 
hyperketonemia and ketonuria during the following morning. 
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Lipid Metabolism in Brain and Other Tissues of the Adult Rat, 
By WarrEN M. Sperry AND Hetnricu From the 
Department of Biochemistry, New York State Psychiatric Instj. 
tute and Hospital, and the Departments of Biochemistry and 
Neurology, College of Physicians and Surgeons, Columbia 
University, New York 
The concentration of deuterium was determined in the un- 

saponifiable lipids and fatty acids of the brain, liver, intestine, 

and remaining carcass of adult male rats at varying intervals (a) 

after administration of a single, small dose of deuterium-labeled 

fat or (b) after enrichment of the body water with deuterium. 

With procedure (a) traces at the most of labeled fatty acids were 

found in brain. The highest concentrations were in liver and 

intestine. A large but variable proportion of the total amount 
given was in the depot fat. 

With procedure (b) the concentration of deuterium in brain 
unsaponifiable material was small, while that of all other tissues 
was large. In brain fatty acids on the other hand the concen- 
tration was comparable with that found in the depots, and in- 
dicated that as much as one-fifth may be replaced in a week. 
From the large concentrations of deuterium found in the liver 
fatty acids it was estimated that they may all be replaced within 
4 days (the shortest period studied). The concentration in the 
liver unsaponifiable fraction was on the average less than that of 
the carcass and no greater than that of the intestine. Thus the 
liver does not appear to have the same dominant rdéle in the metab- 
olism of unsaponifiable substances as it does in fatty acid metab- 
olism. Large concentrations of deuterium in both the unsaponi- 
fiable and fatty acid fractions of the intestine direct attention 
to this organ as an active participant in endogenous lipid metab- 
olism. 


x-Ray Analysis of Protein Denaturation.* By Mona Sprecei- 
ApotF AND Gerorce C. Henny. From the Department of 
Colloid Chemistry, D. J. McCarthy Foundation, and the Depart 
ment of Physics, Temple University School of Medicine, 
Philadelphia 
Significant physicochemical differences in serum albumin de 


* Aided by a grant from the Committee on Radiation of the National 
Research Council to Mona Spiegel-Adolf. 
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natured by heat and short wave light have been established before 
(Spiegel-Adolf). x-Ray diffraction analysis seems particularly 
useful for the further elucidation of these problems as an inter- 
ference through changes in solubility and dispersion is excluded. 

Electrolyte-free samples of 1 per cent serum albumin solutions 
were submitted either to a 15 minute boiling or to 4 to 6 hours 
irradiation with the are of a mercury quartz lamp, while the 
temperature did not rise above 29°. The precipitates were 
washed and dried in a vacuum over P,05. No appreciable changes 
in the N content of either the heat-denatured or the light-de- 
natured protein were observed. 

The x-ray diffraction patterns of these preparations were studied 
by the help of the photoelectric microdensitometer of Spiegel- 
Adolf and Peckham. The relative light transmission graphs 
indicate that for normal as well as for the denatured proteins the 
main spacings are identical. The corresponding graph of the 
light-denatured protein is uniformly lower than the one of the 
normal product. The graph of the heat-denatured protein comes 
between these two. But the heat-denatured protein shows three 
distinct additional rings at distances corresponding to planar 
spacings of 4.02, 3.73, and 3.49 A. similar to the one additional 
ring described by Astbury and Lomax. Treatment of the 
heat-denatured protein with NaOH restores the x-ray diffraction 
pattern of the latter to the original shape. Nevertheless the 
increased light transmission of the diffraction film of the NaOQH- 
treated heat-denatured serum albumin seems to preclude a case of 
complete reversal of heat denaturation. 


x-Ray Analysis of Tuberculin Proteins.* By Mona Spincet- 
FLorEeNcE B. Serpert, AND GeorGe C. Henny. From 
the Department of Colloid Chemistry, D. J. McCarthy Foundation, 
Temple University School of Medicine, the Henry Phipps 
Institute, University of Pennsylvania, and the Department of 
Physics, Temple University School of Medicine, Philadelphia 
The importance of x-ray analysis for the elucidation of protein 
structure seems to warrant the use of this method in biologically 
active material. The products used and their chemical and 
physicochemical properties have been described by Seibert. The 
x-ray diffraction apparatus and technique used have been reported 
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by Spiegel-Adolf and Henny. The x-ray diffraction patterns of 
twelve different tuberculin proteins can be divided into three 
groups. 

The presence of phosphate salts with the protein is not evident 
in the characteristic diffraction lines when the salt concentration 
is 5 per cent of the total mixture, but becomes evident when it 
reaches 14 per cent. 

Nucleic acid contamination of the tuberculin proteins has been 
described by Spiegel-Adolf and Seibert. In cases in which the 
nucleic acid content reaches 17 per cent the diffraction pattern is 
markedly different from the pure samples and the nucleic acid 
pattern becomes evident. After removal of the nucleic acid from 
the tuberculin proteins the diffraction pattern becomes very 
similar to the ones of the pure products. 

The tuberculin proteins give x-ray diffraction patterns very 
much like the ones of the serum proteins. Differences seem to 
exist in the diameters of the largest diffraction ring of the various 
tuberculin preparations. In addition there are differences in the 
width and the sharpness of the diffraction rings which seem to 
indicate variations in denaturation and polymerization. 


The Fatty Acid Metabolism of the Liver of the Diabetic Cat. By 
C. Srapiz, Jonn A. Zapp, Jr., AND Francis D. W. 
Luxens. From the Department of Research Medicine and the 
George S. Cox Research Institute, University of Pennsylvania, 
Philadelphia 
According to the Knoop hypothesis, 8-oxidation of fatty acid 

chains in the liver of the diabetic stops at the 4-carbon stage with 

the resultant formation of large amounts of ketone bodies and 
acetic acid. We have previously given evidence* to show that 
fatty acids are oxidized by the liver of the diabetic cat by multiple 
alternate oxidation; accordingly, no acetic acid is formed. In 
further experiments, using a method capable of determining 1 gM 

(0.060 mg.), we have been unable to demonstrate, under a variety 

of conditions, any formation of steam-volatile (acetic or formic) 

acid by liver slices of diabetic cats. We used diabetic cats in 
which the initially high hepatic ketone formation had been reduced 


* Stadie, W. C., Zapp, J. A., Jr., and Lukens, F. D. W., J. Biol. Chem., 
132, 423 (1940). 
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to low levels by intensive treatment with insulin in a period 2 to 
3 hours before the preparation of the liver slices. 

The experiments show that the prior insulin treatment tended 
to restore the fatty acid metabolism toward normal, as indicated 
by a diminished hepatic ketone formation. Nevertheless, there 
was no demonstrable formation of acetic acid. Likewise, in 
experiments with media containing fructose and fructose + insulin 
we found no acetic acid formation. 

We conclude that the effect of insulin upon the fatty acid 
metabolism of the diabetic liver is to direct it along some pathway 
of partial oxidation not involving the formation of acetic (or 


formic) acid. 


Effect of Pancreatectomy on the Oxygen Uptake of Pigeon Muscle 
and Its Sensitivity to Insulin. By F. J. Stare anp C. A. 
BauMANN. From the Cancer Research Laboratory and the 
Department of Biochemistry, University of Wisconsin, Madison 
A marked difference was observed between the muscles of 

normal and depancreatized pigeons, both in the oxygen uptakes 

and the sensitivity to insulin. Insulin added to normal breast 
muscle in vitro increased respiration 20 per cent either in the 
presence or absence of other supplements. The sensitivity to 
insulin was increased to 70 per cent by removal of the pancreas. 

The optimum response was obtained 2 to 4 weeks after pan- 

ereatectomy. Insulin preparations inactivated by heat or alkali 

failed to stimulate muscle respiration. 

Cocarboxylase increased the respiration of muscle from de- 
pancreatized pigeons; with muscle from normal pigeons an increase 
with cocarboxylase was observed only in the presence of other 
substances. 

Glutamic acid, like certain other di(tri)-carboxylic acids, stimu- 
lated muscle respiration catalytically, and could replace these acids 
in sensitizing muscle to insulin in vitro. 


Modes of Combination of Acids and Ions with Wool Protein. By 
JACINTO STEINHARDT AND MiLTon Harris. From the Research 
Laboratory of the Textile Foundation at the National Bureau of 
Standards, Washington 
Previously reported experiments with HCI have indicated that 
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in combining with hydrogen ions, insoluble proteins such as wool 
keratin also form partially dissociated stoichiometric complexes 
with negative ions. This interpretation is now confirmed by 
titration curves obtained with other strong acids. Since the 
position of the curve for each acid with respect to the pH co- 
ordinate differs, the titration equilibrium is not determined by 
hydrogen ion dissociation constants alone. Measurements of the 
amounts of each of two acids taken up from mixtures support this 
conclusion, which may furnish a basis for understanding specifi 
effects hitherto observed in kinetic and electrophoretic studies 
involving proteins. 

Carboxylic acids differ from all others studied in that the 
amounts combined increase with increasing concentration without 
apparent limit. Much larger amounts of acetic, formic, glycolic, 
monochloroacetic, and dichloroacetic acids are bound than of HC] 
at any pH at which appreciable concentrations (> 0.01 M) of the 
weak acid are present; this difference is greater the weaker the acid. 
The relation between amounts combined and amounts present is 
quantitatively described by assuming that, in addition to the 
ordinary acid-base equilibrium, part of the water of hydration 
of the protein is displaced by undissociated acid, in accordance 
with a simple partition law. Experiments with buffers in whieh 
the acid concentrations have been widely varied at a fixed pH 
support this assumption. By determining partition constants 
for a number of acids, large effects on the affinity of acid for protein 
of such factors as molecular size and specific substituents have been 
demonstrated. 


Homocystine in Relation to the Synthesis of Mercapturic Acids. 
By Jaxosp A. Srexor. From the Department of Chemistry, 
Fordham University, New York 
In continuation of our work on the synthesis of mercapturic 

acids in animals, the réle of homocystine in relation to the de 

toxication of bromobenzene and naphthalene in the rat was 
investigated. 

Growing rats maintained on a 6 per cent casein diet ceased grow- 
ing when bromobenzene or naphthalene was fed with the diet, 
and resumed growing when the bromobenzene or naphthalene diet 
was supplemented with homocystine. Rats fed daily a constant 
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amount of low casein diet supplemented with bromobenzene 
excreted just as much mercapturic acid as when homocystine 
was supplied to the same rats fed the same amount of diet. dl- 
Methionine or /-cystine, on the other hand, augmented the synthe- 
sis of the mercapturic acid. 

These preliminary studies seem to indicate that the promotion 


of the growth of rats by homocystine on a diet containing bromo- 


benzene or naphthalene is not necessarily an indication that 
homocystine augmented the detoxication processes to yield the 
corresponding mercapturic acids. 


On the Pasteur Enzyme in Retina. By Kurt G. Srern, Josepx 
L. Metnick, AND DuBors. From the Laboratory 
of Physiological Chemistry, Yale University School of Medicine, 
New Haven 
Pasteur discovered in 1861 that yeast fermentation is smaller 

in air than in carbon dioxide. In 1926, Warburg defined the 
Pasteur reaction as the inhibition of fermentation by respiration. 
However, Lipmann, Kempner, Laser, and others have shown that 
respiration and aerobic fermentation are independent processes 
and that the oxygen tension rather than the respiration is responsi- 
ble for the phenomenon observed by Pasteur. The inability of 
oxygen to affect the fermentation in cell-free extracts indicates 
that in the cell there exists a substance which catalyzes the reac- 
tion between oxygen and the fermentation system. For this 
catalyst the name Pasteur enzyme is herewith proposed. 

The enzyme may be electively inhibited by ethyl isocyanide 
(Warburg), by a lowering of the oxygen tension, and by suitable 
concentrations of CO; the latter inhibition is reversibly relieved 
by light (Laser). 

The photochemical absorption spectrum of the CO compound 
of the Pasteur enzyme in rat retina shows a pattern similar to 
that of the respiratory ferment in yeast or in Acetobacter. How- 
ever, the y band in the blue shows a red shift of about 100 A. and 
the a band in the yellow shows a blue shift of about 140 A. relative 
to the bands of the respiratory ferment. 

The Pasteur enzyme in retina appears to be a pheohemin protein 
like the respiratory enzyme in yeast or Acetobacter. It differs from 
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it with respect to its affinity for CO and O; as well as the position of 
the absorption bands of the CO compound. 


Ascorbic Acid Oxidase. By EtmerSrorz. From the Biochemical 
Laboratory of the McLean Hospital, Waverley, Massachusetts, 
and the Department of Biological Chemistry, Harvard Medical 
School, Boston 
The activity of the copper-protein compound in cucumbers 

responsible for the aerobic oxidation of ascorbic acid can be 

measured manometrically at pH 6.0 (optimum pH) in the presence 
of glycine. The latter substance effectively inhibits the catalytic 
effect of inorganic copper impurities without affecting the activity 
of the enzyme. A unit of enzyme has been defined as the amount 
of enzyme which produces a rate of 100 c.mm. of O2 per hour under 

specified conditions. The enzyme activity has been raised from 5 

to 10 units per mg. of dry weight (crude cucumber extract) to 

approximately 850 units per mg. of dry weight, cucumber juice 
having been found to be the most active starting material. The 
procedure thus far involves water extraction, BaAcz clarification, 

(NH,)2SO, precipitation, fractional heat denaturation, dialysis, 

and (NH,).S0O, fractionation. The activity of the enzyme is 

completely inhibited by small concentrations of Na diethyl dithio- 
carbamate and cyanide, and the final product contains 0.25 per 
cent Cu. 


Isolation of y-Aminobutyric Acid from Liver. By YELLAPRA- 
GADA SUBBAROW AND GeorGE H. Hitcuines. From the Depart- 
ment of Biological Chemistry, Harvard Medical School, Boston 
In the course of concentrating a fraction of the liver which is 

active in promoting growth of rats, y-aminobutyric acid, a homo- 

logue of B-alanine, has been isolated. The procedures involved in 
its isolation will be described. 


A Colorimetric Test for Methionine. By M. X. SuLLIVAN AND 
Trwotny E. McCarrtuy. From the Graduate School of Chem 
istry, Georgetown University, Washington 
When 0.3 to 1.0 cc. of 4 per cent aqueous solution of sodium 

nitroprusside is added to 5 cc. of a solution of methionine contain- 

_ ing 0.2 mg. of methionine per cc. of water or 0.1 N HCl and the 
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solution is made alkaline with NaOH a yellow color develops. 
When acidified after 5 minutes standing, the color becomes 
strikingly red. Of the ordinary amino acids, histidine alone 
gives a red color on acidification. The other amino acids, cystine, 
cysteine, glycine, alanine, tyrosine, tryptophane, valine, arginine, 
ete., yield only a slight yellow color under this procedure. With 
acidification by mineral acids in the cold, creatine, creatinine, and 
various guanidines are negative. The interference by histidine 
ean be eradicated in a number of ways, some of which will be 
detailed. The quantitative application of the reaction to the 
determination of methionine in proteins is in progress. 


Distribution of Water and Serum Electrolytes in Experimental 
Diabetes Mellitus. By F. Witt1am SuNDERMAN AND F. C. 
Donan. From the Department of Research Medicine, Pepper 
Laboratory, and Cox Institute, University of Pennsylvania, 
Philadelphia 
Measurements of serum volume, extracellular fluid, and concen- 

trations of serum components were made in depancreatized dogs 
that had been permitted to go into ketosis following the withdrawal 
of insulin. Since the depancreatized animals suffered marked 
reduction in body weight, for comparison similar measurements 
were made following ketosis from simple fasting. 

In the depancreatized dogs the average serum volume calculated 
in relation to the body weight was approximately 29 per cent 
greater during ketosis than during the control period, although 
the total serum volume was approximately 10 per cent less during 
ketosis than during the control period. In ketosis from fasting 
the total serum volume was decreased in proportion to the reduc- 
tion in weight and within the limits of error of the measurements 
the serum volume in relation to body weight was unchanged. 

The actual quantities of total base, chloride, bicarbonate, and 
protein in the circulating serum were decreased during ketosis in 
the depancreatized animals, although the amounts of these com- 
ponents, with the exception of bicarbonate, when expressed in 
relation to body weight were all increased. 

The studies suggest that the dehydration observed in experi- 
mental diabetes mellitus induced by pancreatectomy in dogs is 
not made at the expense of serum volume or of the extracellular 
fluids but rather of the intracellular fluids. 
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The Structure of Sphingomyelin. By S. J. THANNHAUSER ANp 
Max Retcnet. From the Medical Clinic of the Boston Dis. 
pensary and Tufts College Medical School, Boston 
Sphingomyelins have been considered, according to the struc. 

tural formula of Levene, as cholinephosphoric acid esters of 

sphingosine in which one hydroxy] group is free and the amino 
group is combined interchangeably with lignoceric, stearic, or 
palmitic acid. 

The natural sphingomyelin occurring in brain, liver, spleen, and 
other organs is supposed to be a mixture of such substances, 
lignoceryl-, stearyl-, and palmitylsphingomyelin, with a free 
hydroxyl group on the sphingosine radical. 

The enzymatic hydrolysis of sphingomyelin (spleen) with liver 
enzyme and purified pancreas lipase yielded the following. Split- 
ting with liver enzyme resulted in formation of lignocerylsphingo- 
sine, choline, phosphoric acid, and palmitic acid. Hydrolysis with 
pancreatic lipase gave palmitic acid and lignocerylsphingomyelin, 
Saponification with diluted alkali at room temperature yielded the 
same products as in the case of pancreatic lipase. Neither 
palmitylsphingosine nor stearylsphingosine has been isolated in 
any of the above procedures up to now. The yield of lignoceryl- 
sphingosine was in conformity with the presence of mainly one 
ceramide (lignocerylsphingosine) in sphingomyelin molecule 
(spleen). 

Palmitic acid is split from sphingomyelin by pancreatic lipase 
and also by saponification with diluted alkali at room temperature. 
These two procedures do not split lignocerylsphingosine. This 
may be considered proof that the palmitic acid found in the 
sphingomyelin is not present in the form of a ceramide (NH—OO 
linkage) but as fatty acid ester linked to the free hydroxyl! group 
of the sphingomyelin molecule. 

Sphingomyelin occurs with a free hydroxyl group and as 4 
sphingomyelin ester. 


Sulfonium Reactions of Methionine. By Gerrit TOENNIES. 
From the Lankenau Hospital Research Institute, Philadelphia 
Of the common natural amino acids methionine is, as a mono 

sulfide, the only one capable of forming sulfonium derivatives: 

R’SR” + R’”X — R’R”R’’S+ + X- (X = halogen or equiva 
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lent group). We have obtained crystalline sulfonium salts by 
letting methyl iodide, methyl bromide, or allyl bromide react 
with dl-methionine, or its N-formyl or N-acetyl derivatives, in 
media composed of acetic and formic acid (the corresponding reac- 
tions with halogenacetic acids take place also in aqueous solution), 
removing solvent and excess halide by vacuum distillation, and 
treating the residue with methanol, acetone, or methyl acetate. 
The new reaction appears of threefold interest. First, it 
provides a new hypothetical basis for bioreactions of methionine, 
such as its conversion to cysteine. Second, it opens new possibil- 


ities in the search for a rational procedure for the isolation of — 


natural methionine. Third, it offers a new principle for the 
determination of methionine. Theoretical aspects of these three 
approaches are to be discussed and certain experimental results 
to be reported. Among the latter is evidence indicating that in 
proteins, dissolved in formic acid, the methionine grouping is 
available to react with bromoacetic acid, forming the sulfonium 
derivative which can be determined by the bromide ion liberated. 
The reaction is abolished by previous treatment of the formeous 
protein solution with hydrogen peroxide, obviously due to con- 
version of the methio group into the sulfoxide. To judge from 
the complete absence of a reaction between bromoacetic acid and 
glutathione in formic acid, protein thiol groups will not simulate 
methio groups under these conditions. 


The Metabolism of di-Methionine Sulfoxide in the Dog. By 
Rosert W. VirTvE AND MivprRep E. Doster-Virtug. From 
the Department of Chemistry, University of Denver, Denver 
Fasting bile fistula dogs were fed 2.8 gm. of cholic acid daily. 

On the 3rd day of the fast an equivalent amount of di-methionine 
sulfoxide was administered either orally or subcutaneously in 
addition to the cholic acid. Somewhat less than half the extra 
sulfur arising from the sulfoxide appeared in the sulfate fraction 
of the urine. Increased taurocholic acid excretion in the bile 
indicated that part of the sulfur of dl-methionine sulfoxide may 
give rise to taurine. 


Gonadotropic-Modifying Sera of Sheep Treated with Sheep 
Pituitary Extract. By Netson J. AND A. Karz- 
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MAN. From the Laboratories of Biology and Biological Chemis. 

try, St. Louis University School of Medicine, St. Louis 

We have previously reported that the serum obtained from sheep 
which had been injected for a year with sheep pituitary extract 
continued to possess progonadotropic activity toward this extraet 
in immature female rats. No evidence of inhibitory activity was 
obtained. 

The present report contains the data obtained from the treat- 
ment of two sheep for an additional 7 months. 

The sera of these animals after more than a year of the chronie 
injections first lost the property of augmenting the action of sheep 
pituitary extract on the rat’s ovaries but retained the capacity to 
augment the uterine weight. This was followed by the loss of 
the progonadotropic effect as measured by both ovarian and 
uterine responses. The action of these sera was affected by the 
quantity of serum administered. Large amounts of serum of 
either animal produced a slight inhibition, whereas small quantities 
of the same serum of one of the sheep were augmentative. Salting- 
out with NasSO, has not separated progonadotropic or anti- 
gonadotropic activity in any of the serum protein fractions. 

The progonadotropic action of the serum of sheep treated with 
sheep pituitary extract is manifested in hypophysectomized as 
well as in normal female rats. This rules out the participation of 
the assay animal’s hypophysis in this phenomenon. The pro- 
gonadotropic activity can also be demonstrated in immature male 
rats. The failure of the serum per se to exert a gonadotropic 
effect in this animal indicates that the progonadotropic response 
is not due to luteinizing hormone. 


The Metabolism of Glutathione Studied with N“. By Hernric# 
Waretscn AND D. Ruirrenserc. From the Department of 
Biochemistry, New York State Psychiatric Institute and Hoe 
pital, and the Departments of Neurology and Biochemistry, 
College of Physicians and Surgeons, Columbia University, New 
York 
The three amino acids of glutathione (GSH) are the same as 

are used by the mammalian organism for conjugation with com- 

pounds other than amino acids (formation of bile acids, 
detoxication). If GSH functions as amino acid donor for such 


by { on 
4 

a 

| | 

ae 

nf 

i 

Ty 


Society of Biological Chemists cv 


conjugations, the replacement of its amino acids must be fast. 
The rate of turnover of GSH was investigated with glycine 
marked with N™. 

A method is described for the isolation of GSH as the copper 
compound from single organs of rats and rabbits. From liver 
the yields (maximum 101 mg. from a rabbit liver) averaged 60 per 
cent of the value obtained by iodine titration. When rats were 
given 75 mg. of marked glycine, the GSH isolated from the liver 
after 2 and 5 hours contained a concentration of isotope 
corresponding to 9 and 8 per cent of that in the administered 
glycine. Under the assumption that all isotope was in the glycine 
moiety of the GSH, about one-fourth of its glycine was derived 
from the administered amino acid. By contrast only about one- 
sixtieth of the glycine of the liver proteins came from administered 
glycine. The distribution of N“ in GSH is being established by 
isolation and analysis of the components of the liver GSH. 

The rapid turnover of GSH may be the first indication that 
peptides and particularly GSH are intermediates in transferring 
amino acids in protein metabolism. 


Lipid Metabolism in Brain during Myelination. By Hetn- 
RICH WAELSCH AND WARREN M. Sperry. From the Depart- 
ment of Biochemistry, New York State Psychiatric Institute and 
Hospital, and the Departments of Neurology and Biochemistry, 
College of Physicians and Surgeons, Columbia University, New 
York 
The deposition of lipids in the rat brain was studied during 

myelination. Heavy water was injected into mother rats and 

their young at 15, 26, and 36 days after birth and the drinking 
water was enriched with deuterium. The heavy water régime 
was continued for 4 days, after which the deuterium content of 
the unsaponifiable lipids and fatty acids of brain, liver, intestine, 
and remaining carcass of the mother rats and their young was 
determined. 

Unsaponifiable lipids and fatty acids are deposited in brain at 

a rapid rate from the 15th to 19th day of extrauterine life. The 

rate is considerably less from the 26th to the 30th day, and still 

lower from the 36th to the 40th day. If allowance is made for 
turnover comparable with that found in adult rats, no marked 
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differences in the rates of deposit of the unsaponifiable and fatty 
acid fractions are evident. 

The data indicate that lipids deposited between the 15th and 
19th day of life are synthesized in the brain itself. 

The relationships among rates of lipid metabolism in the liver, 
intestine, and remaining carcass were in general the same as were 
found in adult rats, but in most instances the deuterium uptake 
was considerably higher in the young than in the adult rats. 

Determinations on mother rats agreed closely on most points 
with the findings in adult male rats.* 


Effect of Cysteine on Ascarids. By A. Watt. From the Re 
search Laboratories of Merck and Company, Inc., Rahway, New 
Jersey 
When living ascarids are placed in contact with a proteolytic 

enzyme of the ficin type, the worms are digested. 

It was observed that this digestive property of the proteolytic 
enzyme is greatly increased by the presence of cysteine. Thus, 
3 to 7 times the amount of commercial papain is necessary to 
produce the same digestive effects on helminths as when cysteine 
is added as an activator. Similar results were observed with 
bromelin. 

The cysteine used in these experiments had no effect on the 
ascarids in the amounts used, as shown by control experiments. 
However, when the amount of cysteine was increased several fold 
and the time of interaction lengthened from the customary 2.5 
to 18 hours, marked effects on the ascarids were observed which 
resembled some stage in the enzymatic digestion of the helminths. 
Alanine was used as a control in parallel experiments. 


A Disturbed Carbohydrate Metabolism in Rats Maintained More 
Than a Year on a Fat-Deficient Diet. By Laurence G. 
Wesson. From the Forsyth Dental Infirmary, Boston 
By the use of an improved, fat-deficient diet, rats were obtained 

that were less emaciated and that lived longer than on the fat- 

deficient diets previously used. Glucose tolerance and dextrin 

R.Q. tests indicated a disturbed carbohydrate metabolism after 12 

to 15 months on this diet. These tests, some of them carried out 


* See accompanying abstract by Sperry and Waelsch. 
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with and without the administration of insulin and with and with- 
out the addition of small amounts of a natural fat to the diet, 
indicate that possibly this disturbance is caused by the simultane- 
ous lack of a carbohydrate metabolism factor of natural fats and 
a disturbance in the functioning of the pancreatic islets. 


An Improved Microtitration Method for the Determination of 
Carbon Dioxide in Blood and Other Fluids. By Epwarp 8. 
West, Bert E. CHRISTENSEN, AND Ropert E. 
From the Department of Biochemistry, University of Oregon 
Medical School, Portland 


Christensen has devised an apparatus and method for the 


microdetermination of carbon and hydrogen in organic compounds 
by a wet combustion precess in which the carbon dioxide evolved 
from the reaction chamber is aspirated into an evacuated flask 
containing standard barium hydroxide. The procedure has been 
adapted to the determination of carbon dioxide in blood and other 
fluids. The apparatus is easily constructed, simple to operate, 
and yields results comparable to those obtained by the Van Slyke 
manometric method. 


Effect of the Oral Administration of Benzpyrene on the Growth 
of the Rat Ingesting a Diet Low in Lysine. By Jutius Wuire. 
From the National Cancer Institute, United States Public Health 
Service, Bethesda, Maryland 
It has been previously shown that the oral administration of 

benzpyrene to young growing rats on a relative low protein basal 

diet, resulted in a retardation of growth. Furthermore the addi- 
tion of l-cystine or dl-methionine to the diet still containing the 
hydrocarbon resulted in a stimulation in growth. It appeared 
therefore that the growth-inhibitory substance exerted its effects 
by the production of a specific deficiency in the sulfur-containing 
amino acids, probably through the requirements of the organism 
for organic sulfur for detoxication mechanisms in the form of 
cystine and methionine. In order to determine whether other 
essential amino acids could detoxify ingested carcinogens, young 
growing rats were placed on a diet low in lysine but adequate for 

normal growth. The addition of benzpyrene (110 mg. per 100 

gm. of diet) produced a marked retardation in growth. The 
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effect of the addition of lysine, cystine, or methionine to the diet 
containing the hydrocarbon on the growth of the rat will be 


presented. 


Effect of the Oral Administration of Dimethylaminoazobenzene 
(Butter Yellow) on the Growth of the Rat. By Jutius Wurre. 
From the National Cancer Institute, United States Public Health 
Service, Bethesda, Maryland 
The growth-inhibiting effect produced by the oral administra- 

tion of dimethylaminoazobenzene has been demonstrated on young 
growing rats by the incorporation of the dye in a relatively low 
protein basal diet. The addition of 60 mg. of the butter yellow 
to 100 gm. of basal diet resulted in a change in growth rate from 
an average of 1.4 to 2.0 on the basal diet alone to an average of 
0.3 to 0.6 gm. The addition of either l-cystine (500 mg.) or 
dl-methionine (500 mg.) to each 100 gm. of basal diet still contain- 
ing the hydrocarbon resulted in a stimulation of growth with a 
subsequent daily weight increase which approximated that 
observed in rats ingesting the basal diet alone. On the other hand, 
supplements of either glycine, taurine, or sodium sulfate did not 
stimulate growth when these substances were added to a diet 
containing the butter yellow. The effect of the addition of lysine 
to the diet containing the dye will be discussed. 
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tomy, epinephrine, eschatin, 
percorten, and saline injection 
effect, Koven, Pizzolato, and 
Beard, lvi 
Creatinine-, excretion, sarcosine 
and glycine ingestion and in- 
jection effect, Beard, vii 
-Creatinine excretion, sex hor- 
mones and creatine and creati- 
nine injection effect, Beard 
and Jacob, x, xi 
— metabolism, hormones, rela- 
tion, Beard and Jacob, x, xi 
Koven, Pizzolato, and Beard, 
lvi 
—, water, salt, and phosphate 
metabolism, relation, Beard, 
Espenan, Koven, and Pizzo- 


lato, x 
Cyanamide, synthesis from, 
Beard and Espenan, ix 


Excretion, growth periods, effect, 
Beach, Teague, and Macy, vii 
Formation, biological, Bloch and 
Schoenheimer, 633 
Muscle, adrenalectomy, epineph- 
rine, eschatin, percorten, and 
saline injection effect, Koven, 
Pizzolato, and Beard, lvi 
Tissue, glycocyamine and methio- 
pine as precursors, Borsook 
and Dubnoff, xv 
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Creatine—continued: 


Urea, synthesis from, Beard and | 


Espenan, ix 
Creatinine: Creatine-, excretion, 


adrenalectomy, epinephrine, es- | 


chatin, percorten, and saline 
injection effect, Koven, Pizzo- 


lato, and Beard, lvi | 
-Creatine excretion, sarcosine and | 
glycine ingestion and injection | 


effect, Beard, vii 
Creatine-, excretion, sex hor- 
mones and creatine and creati- 
nine, injection effect, Beard 
and Jacob, x, xi 
-, metabolism, hormones, rela- 
tion, Beard and Jacob, _ x, xi 
Koven, Pizzolato, and Beard, 
lvi 
, water, salt, and phosphate 


metabolism, relation, Beard, | 


Espenan, Koven, and Pizzo- 
lato, x 
Excretion, growth periods, effect, 
Beach, Teague, and Macy, vii 
Crotonic acid: Benzoyl-a-amino-, 
azlactone II, preparation, Car- 

ter and Stevens, 117 
Cyanamide: Creatine and glyco- 
eyamine synthesis, Beard and 


Espenan, ix 
Cysteine: Ascarids, effect, Wallti, 
evi 


Liver phospholipid turnover, 
radioactive phosphorus as in- 
dicator, Perlman, Stillman, and 


Chaikoff, 651 
Sulfinie and sulfonic acids, rela- 
tion, Kassell, p. 1 


Cystine: Homo-, mercapturic acid 
synthesis relation, Stekol, 

xeviii 

Liver phospholipid turnover, 

radioactive phosphorus as in- 

dicator, Perlman, Stillman, and 

Chaikoff, 651 


Cystine—continued: 
Oxidation to sulfone, enzymatic, 


Medes, Ixvi 
| Urine, determination, Brand, Ca- 
hill, and Kassell, 431 


Cystinuria: Amino acid administra- 
tion effect, Hess and Sullivan, 
xliii 

Dog, Brand and Kassell, XVi 
Brand, Cahill, and Kassell, 431 
Irish terriers, Brand, Cahill, and 


Kassell, 431 
Methionine administration effect, 
| Hess and Sullivan, xliii 
| D 

| Dehydrogenase(s): Copper action, 
Bernheim, 485 
Papain action, Bernheim, 141 
|  Phenylhydrazine action, Bern- 
| heim, 485 


Trypsin action, Bernheim, 141 
Dermatitis: Anti-, factor, chick, 
Babcock and Jukes, v 
—,—. See also Pantothenic acid 
Deuterium: Fatty acids, unsatu- 
rated, body, behavior, indica- 
tor, Bernhard and _ Schoen- 


heimer, 707 
Diabetes: Acetone injection effect, 
Koehler and Windsor, lv 


Blood serum electrolytes, distri- 
bution, Sunderman and Dohan, 
ci 
Glucose tolerance, inorganic sub- 
stances, effect, Orien and Dev- 
lin, Ixxiv 
Liver fatty acid metabolism, 
Stadie, Zapp, and Lukens, 
xevi 
Pancreatic, pituitary, anterior, 
extracts, effect, Gaebler and 


Galbraith, XXxV 
Water distribution, Sunderman 
and Dohan, ci 
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Diet: Pantothenic acid, tissues, 
chick, effect, Snell, Pennington, 
and Williams, 559 

See also Nutrition 


Digestive secretion(s): Thiamine | 


phosphorylation and stability, 
Melnick, Robinson, and Field, 
Ixvii 

Dihydrotheelin: a-, placenta, iso- 
lation, Huffman, Thayer, and 
Doisy, 567 
Placenta, isolation, Huffman, 


Thayer, and Doisy, xlv | 
Dimethylaminoazobenzene: Growth 

effect, White, eviii 
Dipeptidase(s): Activation, Berger 

and Johnson, 639 


Dolphin: Blood water and electro- 
lytes, ichelberger, Fetcher, 
Geiling, and Vos, 145 
Muscle, skeletal, water and elec- 
trolytes, Eichelberger, Geiling, 
and Vos, 661 


Egg: Yolk sac, lipids, chick, 
changes, Entenman, Lorenz, 


and Chaikoff, 231 
Egg albumin: Denatured, solutions, 
viscosity, Bull, 39 


Reducing groups, determination, 
porphyrindin use, Brand and 
Kassell, 437 

Solutions, viscosity, Bull, 39 

Electrokinetics: Surface chemistry, 
Moyer, 29 
Moyer and Gorin, 605 

Electrolyte(s): Blood, dolphin, 
Eichelberger, Fetcher, Geiling, 
and Vos, 145 

— serum, distribution, diabetes, 
Sunderman and Dohan, ci 

Muscle, Darrow, Yannet, and 
Miller, Xxiv 

—, skeletal, dolphin, Fichelberger, 
Geiling, and Vos, 661 


| 


Enamel: Tooth, radiophosphate ex- 
change, von Hevesy and Arm- 
strong, xliv 

Endocrine(s) : Extracts, blood 
amino acids, effect, Farr and 
Alpert, Xxx 

Enzyme(s): Cystine oxidation to 
sulfone, Medes, Ixvi 

d(—)-Glutamic acid, dl-glutamic 
acid preparation, Fruton, Irv- 


ing, and Bergmann, 703 
Pasteur, retina, Stern, Melnick, 
and DuBois, xcix 
Proteolytic, tumor and normal 
tissue, Fruton, XXXiv 


See also Chlorophyllase, Cholin- 
esterase, Coenzyme, Dehydro- 
genase, Dipeptidase, Hepari- 
nase, Leucylpeptidase, Lipase, 
Mucinase, Oxidase, Papain, 
Trypsin 

Epinephrine: Muscle creatine and 
creatine-creatinine excretion, 
adrenalectomy, effect, Koven, 
Pizzolato, and Beard, lvi 

Erythrocyte(s): See Blood cell, red 

Eschatin: Muscle creatine and crea- 
tine-creatinine excretion, ad- 
renalectomy, effect, Koven, 


Pizzolato, and Beard, lvi 
Eskimo: Blood ascorbic acid, 
Levine, Ixi 
Estradiol: 6-Keto-a-, Longwell and 
Wintersteiner, 219 


Estrogenic substance(s): Oxygen in 
Ring B, Longwell and Winter- 
steiner, 219 

Progestin and, sexual receptivity, 
effect, Leighty, Wick, and 


Jeffries, lix 
Urine, separation and determina- 
tion, Mather, Ixiii 


Exercise: Muscle glycegen effect, 
Flock and Bollman, Xxxii 
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F 
Factor W: Pantothenic acid and, 


rat, Oleson and Black, _Ixxiii 


Fasting: 8-Hydroxybutyric acid 
disappearance rate, 
Hallman, Greeley, Butts, and 


Halliday, 173 
Fat(s): Carotene utilization, effect, | 
Sherman, Ixxxix 
Cholie acid production, injection 
effect, Virtue and Doster- 
Virtue, 573 
— — relation, Doster- Virtue and 
Virtue, xxvii 
-Deficient diet, carbohydrate 


metabolism, effect, Wesson, 
evi 
Dietary, blood plasma phospho- 
lipids, effect, Artom and Free- 


man, iv 
Droplets, cream, surface film 
composition, Moyer, 29 
Metabolism, McHenry and Gavin, 
Ixvi 

—, phosphorus relation, Reiser, 
lxxx 


Neutral, glycerol, blood, deter- 
mination, periodate use, Voris, 
Ellis, and Maynard, 491 

Synthesis, McHenry and Gavin, 

Ixvi 

Fatty acid(s): Alcohols, aliphatic, 
higher, biological relations, 
Stetten and Schoenheimer, 347 

Determination, isotope dilution 
procedure, Rittenberg and Fos- 


ter, 737 
Liver choline oxidase, action, 
Bernheim, 291 


Metabolism, iver, diabetes, 
Stadie, Zapp, and Lukens, 
xevi 

Spectroscopically active, liver 
deposition, adrenalectomy 
effect, Barnes, Miller, and Burr, 
v 


Deuel, 


| 
| 


| Fatty acid(s)—continued: 


Unsaturated, body, behavior, 
deuterium as indicator, Bern. 
hard and Schoenheimer, 707 

—, vitamin Bs, nutritional rela. 


tion, Salmon, Ixxxiij 
Film formation: Mechanism, Moyer 
and Gorin, 605 


Filtrate factor: Vitamin B,; complex, 
nature, Mohammad, Emerson, 
Emerson, and Evans, 17 

Follicle-stimulating hormone: Pi- 
tuitary, separation, Greep, van 


Dyke, and Chow, 289 

G 
Galactose: Blood sugar, effect, 
Darby and Day, 503 
Tolerance, intravenous, Koehler 
and Hill, liv 


Gastric: See Stomach 
Gastrointestinal tract: Hormones, 


Ivy, xlix 
Globulin: Blood serum, separation, 
Kingsley, 731, lii 
Glucose: Metabolism, phosphorus 
relation, Reiser, Ixxx 


Oxidation and phosphorylation, 
Colowick, Welch, and Cori, 641 
Phosphorylation, kidney extract 
effect, Colowick, Welch, and 
Cori, 359, xxii 
Solutions, absorption, intestine, 
stomach emptying relation, 
Fenton and Pierce, XXxxi 
Tolerance, diabetes, inorganic 
substances, effect, Orten and 
Devlin, Ixxiv 
Glutamic acid: d(—)-, di-glutamie 
acid preparation, enzymatic, 
Fruton, Irving, and Bergmann, 
708 

dl-, d(—)-glutamic acid prepara- 
tion, enzymatic, Fruton, Irving, 
and Bergmann, 703 
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Glutamic acid—continued: 
Racemization, Arnow and Opsahl, 
765 


Tumors, malignant, Graff, Ritten- | 


berg, and Foster, 745 


Glutathione: Metabolism, isotopic | 


nitrogen in study, Waelsch and 
Rittenberg, civ 
Glycerol: Blood, determination, 
periodate use, Voris, Ellis, and 
Maynard, 491 
Glycine: Creatinine-creatine excre- 
tion, ingestion and injection 
effect, Beard, vii 
Glycocyamine: Amino acids, urea, 
and cyanamide, synthesis from, 


Beard and Espenan, ix 
Tissue creatine precursor, Bor- 
sook and Dubnoff, xv 
Glycogen: Muscle, exercise effect, 
Flock and Bollman, Xxxii 


Glycogenesis: Citric acid relation, 
MacKay, Carne, and Wick, 59 
Gonadotropic activity: Blood serum, 
pituitary extract effect, Wade 


and Katzman, ciii | 


Gonadotropic hormone: Urine, preg- 
nancy, Gurin, Bachman, and 


Wilson, 467, 477 

—, —, chemistry, Gurin, Bach- 
man, and Wilson, 467 
—,—, purity, Gurin, Bachman, 
and Wilson, 477 
Gonadotropin: Urine, normal, deter- 
mination, Levin, Ix 
Growth: Benzpyrene and lysine-low 
diet, effect, White, evii 


Creatine and creatinine excretion, 
Beach, Teague, and Macy, vii 
Dimethylaminoazobenzene effect, 


White, eviii 
Methionine effect, Morris and 
Voegtlin, Ixix 
Yeast extract supplement, effect, 
Jukes, 631 


H 
Heart: See also Muscle 


| Hematin: Metabolism, Morrison, 


Williams, and Anderson, lxx 
Hemin: Spirographis, oxidation- 
reduction potentials, Barron, 

51 

Hemochromogen(s): Spirographis, 
oxidation-reduction potentials, 
Barron, 51 
Hemocyanin: Limulus polyphemus, 
osmotic pressure, molecular 
weight, and dissociation, Burk, 

511 

Hemoglobin(s): Invertebrate, Salo- 
mon, Ixxxiii 
Hemorrhage: Anti-, compounds, 
preparation, Fieser, 391 
-Producing fraction, Bacillus pro- 
digiosus filtrates, Shear and 
Turner, Ixxxvii 
Heparinase: Jaques, 445 
Hibernation: Neoplasms, influence, 
Bischoff, Long, and Rupp, xiii 
Histidine: Determination, Block, 
67 

Homocystine : Mercapturic acid syn- 
thesis relation, Stekol, xeviii 
Hormone(s): Creatine-creatinine 
metabolism, relation, Beard and 
Jacob, 
Koven, Pizzolato, and Beard, 

lvi 

Digestive tract, Jvy, xlix 
Hyaluronic acid: Pleural fluid, 
tumor, malignant, relation, 
Meyer and Chaffee, 83 
Hydrazine: Alkalosis, gastric juice 
and urine excretion, effect, 
Hendriz, Calvin, and Greenberg, 

xlii 

Hydrogen ion concentration: Carbo- 
hydrate oxidation, salt-cata- 
lyzed, relation, Sheppard, Dan- 
ielson, and Everett, Ixxxviii 
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Hydroxybutyric acid: 8-, disappear- 
ance rate, Deuel, 


Hydroxylapatite: Precipitation, con- 
centration limits, Hodge, xliv 
Hydroxylysine: Van Slyke, Hiller, 
MacFadyen, MHastings, and 
Klemperer, 
Hydroxyprogesterone: 6(a)-, Ehren- 
stein and Stevens, 
Hypertension: Kidney cortex tissue 
metabolism, relation, Mason, 
Blalock, and Robinson, Ixiii 
Hypervitaminosis: D, and Dy, die- 
tary calcium, phosphorus, and 
vitamin A effect, Morgan and 
Shimotori, 
Hypoglycemia: Insulin, tissue lipids, 
effect, Randall, 129 


I 


Inorganic substance(s) : Glucose tol- 
erance, diabetes, effect, Orten 


and Devlin, lxxiv 
Insulin: Hypoglycemia, tissue 
lipids, effect, Randall, 129 
Ketosis, Somogyi, xciii 


Muscle oxygen uptake, pancrea- 
tectomy and, effect, Stare and 
Baumann, xevii 

— respiration, effect, Stare and 
Baumann, 453 

Interstitial cell-stimulating hor- 
mone: Pituitary, anterior, 
thyrotropic hormone, relation, 
Jensen.and Tolksdorf, xlix 

Intestine: Glucose solutions, ab- 
sorption, 
relation, Fenton and Pierce, 

XXxxi 

Vitamin A _ absorption, Gray, 

Morgareidge, and Cawley, 


XXXVii | 


Iodine: Atherosclerosis, cholesterol- 
induced,"'effect, Mitchell, Gold- 
faden,Qand Hadro, Ixviii 


Hallman, | 


Greeley, Butts, and Halliday, | 
173 | 


987 | 


XXVii | 


stomach emptying | 


Index 


| Iron: Metabolism, radioactive iso- 
tope in study, Austoni and 
Greenberg, iv 
Radioactive, iron metabolism, use 
in study, Austoni and Green- 
berg, iv 
Isotope: Dilution, analysis by, Rit- 


tenberg and Foster, 737 
K 
_Ketocholanic acid(s): Ketone 


groups, determination, Dillon 
and Raymond, XXV 
Keto-a-estradiol: 6-, Longwell and 
Wintersteiner, 219 
Ketogenesis: Anti-, citric acid rela- 
tion, Mac Kay, Carne, and Wick, 
59 
Ketogenic substance(s): Pituitary, 
anterior, fractions, preparation 


and assay, Greaves, Freiberg, 
and Johns, 243 
| Ketone(s): Groups, ketocholanic 
acids, determination, Dillon 
and Raymond, XXV 

| Steroid, adrenals, Pfiffner and 
North, Ixxvii 
Ketone body: Tissues, Harrison and 

| Long, 209 
| Ketosis: Deuel, Hallman, Greeley, 
Butts, and Halliday, 173 
Insulin, Somogyi, xciii 
Keto-l-uronic acid(s): Carbohy- 
drate oxidation, _ relation, 
Crews, Sheppard, Sudduth, and 
| Everett, xxiii 
| Preparation, Crews, Sheppard, 
Sudduth, and Everett, xxiii 


| Kidney: d-Amino acid oxidase, 
Walker sarcoma, effect, Beard, 
viii 
| Cortex tissue, metabolism, hyper- 
tension relation, Mason, Bla- 
| lock, and Robinson, xiii 

Extract, glucose phosphorylation, 
| effect, 


Colowick, Welch, and 
Cori, 359, xxii 
Transamination, Cohen, xx 
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L 


Lecithin(s): Carcinosarcoma 256, 
turnover, radioactive phos- 
phorus as indicatas, Haven, 

Ix 

Leucylpeptidase : Occurrence, Berger 
and Johnson, 157 

Limulus polyphemus: Hemocyanin, 
osmotic pressure, molecular 


weight, and dissociation, Burk, | 


511 
Lipase: Pancreas, thiamine effect, 
Brower and Tashiro, xvii 


Lipid(s): Blood, chick, changes, 
Entenman, Lorenz, and Chai- 
koff, 231 

— plasma, determination, gaso- 
metric, Folch, Schneider, and 


Van Slyke, xxxiii 
— serum, schizophrenia, testos- 
terone effect, Randall, 137 
Brain, metabolism, Sperry and 
Waelsch, xciv 
-,—-, myelination, Waelsch and 
Sperry, cv 


Egg yolk sac, chick, changes, 
Entenman, Lorenz, and Chai- 


231 
Liver, chick, changes, Entenman, 
Lorenz, and Chaikoff, 231 
Tissue, insulin hypoglycemia 
effect, Randall, 129 
—, metabolism, Sperry and 
Waelsch, xciv 


Tubercle bacillus, avian, bound, 
Anderson, Creighton, and Peck, 


675 
—-—, chemistry, Anderson, 
Creighton, and Peck, 675 


Liver: y-Aminobutyric acid isola- 
tion, Subbarow and Hitchings, 


Choline oxidase, fatty acid action, 
Bernheim, 291 


Liver—continued: 
Fatty acid metabolism, diabetes, 
Stadie, Zapp, and Lukens, 
xevi 
— acids, spectroscopically active, 
deposition, adrenalectomy ef- 
fect, Barnes, Miller, and Burr, 


v 

—, amino acid influence, Singal, 
xe 

Lipids, chick, changes, Entenman, 
Lorenz, and Chaikoff, 231 
Nucleoprotein, sulfhydryl groups, 
Greenstein, XXxix 


Phospholipid turnover, methio- 
nine, cystine, and cysteine in- 
fluence, radioactive phosphorus 
as indicator, Perlman, Stillman, 
and Chaikoff, 651 

Transamination, Cohen, Xx 

Lung: See also Pleural fluid 
Luteinizing hormone: Pituitary, 
separation, Greep, van Dyke, 


and Chow, 289 
Lysine: Anemia, deaminized casein- 
produced, relation, Hogan, 
Powell, and Guerrant, xlv 


Hydroxy-, Van Slyke, Hiller, 


MacFadyen, Hastings, and 

Klemperer, 287 

-Low diet, benzpyrene and, 

growth effect, White, evii 
M 


Magnesium: Blood serum, Chan- 
utin, Ludewig, and Masket, xix 

— —, partition, thyroid gland 
relation, Soffer, Grossman, and 


Sobotka, xcii 
Malonate : Tissue respiration, effect, 
Baumann and Stare, 183 


Mannoheptulose: d-, excretion, avo- 
cado ingestion effect, Blather- 
wick, Larson, and Sawyer, 643 

Mercapturic acid(s): Synthesis, 
homocystine relation, Stekol, 

xeviii 
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Mercury: Determination, micro-, 
Crandall, 539 

Metabolism: Basal. See Basal 
metabolism 


Methionine: Cystine excretion, 


effect, Hess and Sullivan, xliii | 
Growth effect, Morris and Voegt- | 


lin, lxix 
Liver phospholipid 
radioactive phosphorus as indi- 


cator, Perlman, Stillman, and | 


Chaikoff, 651 
Sulfonium reactions, Toennies, 
cii 

Test, colorimetric, Sullivan and 
McCarthy, c 
Tissue creatine precursor, Bor- 
sook and Dubnoff, xv 
Tumor effect, Morris and Voegt- 
lin, lxix 


Methionine sulfoxide: di-, metabo- 


turnover, | 


lism, Virtue and Doster- Virtue, 


ciii 

Milk: Carotene determination, 
photoelectric, Koehn, lvi 
Vitamin A determination, photo- 
electric, Koehn, lvi 
Mineral(s): Atherosclerosis, choles- 
terol-induced, effect, Mitchell, 
Goldfaden, and Hadro, Ixviii 
Metabolism, sodium-deficient diet 
effect, Orent-Keiles and Mc- 
Collum, 75 
Monosaccharide(s): Aldo-, ben- 
zimidazole derivatives, identifi- 
cation, Moore and Link, 293 
Morphine: Excretion, Oberst, Ixxi 
Mosaic: Tobacco virus, heat de- 
naturation, Lauffer and Price, 

1 

Mucin(s): -Hydrolyzing enzyme, 
bacterial, Robertson, Ropes, and 


Bauer, 261 
Mucinase: Robertson, Ropes, and 
Bauer, 261 


Muscle: Creatine, adrenalectomy, 


epinephrine, eschatin, _per- 
corten, and saline injection 
effect, Koven, Pizzolato, and 
Beardy lvi 
Electrolyte, Darrow, Yannet, and 
Miller, XXiv 
Glycogen, exercise effect, Flock 
and Boliman, XXxxii 
Heart, purines, Mangun and 
Myers, 


Oxygen uptake, pancreatectomy 
and insulin effect, Stare and 
Baumann, xevii 

Potassium, frog, Steinbach, 695 

Respiration, insulin effect, Stare 


and Baumann, 453 
Skeletal, electrolytes, dolphin, 
Eichelberger, Geiling, and Vos, 
661 

—, water, dolphin, Lichelberger, 
Geiling, and Vos, 661 


—,-—, potassium salts injection 


effect, Eichelberger, XXxviii 
Sodium, frog, Steinbach, 695 
Voluntary, purines, Mangun and 

Myers, Ixii 
Water, Darrow, Yannet, and 

Miller, xxiv 


Myelination: Brain lipid metabo- 
lism, Waelsch and Sperry, ev 
Myosin: Denaturing agents, effect, 


Greenstein and Edsall, 397 
Edsall and Mehl, 409 
Sulfhydryl groups, determina- 


tion, porphyrindin titration, 
Greenstein and Edsall, 397 
Viscosity and double refraction 
of flow, Edsalland Mehl, 409 


N 


Naphthol : 4-Amino-2-methyl-l-, 
and 4-amino-3-methyl-1-, vita- 
min K_ activity, Emmett, 


Kamm, and Sharp, 285 
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Neoplasm(s): Hibernation influ- 
| Palmitic acid: Formation rate, 


ence, Bischoff, Long, and Rupp, 

xiii 

See also Carcinosarcoma, Sar- 
coma, Tumor 


Nicotinamide: Respiratory stimu-_ 
lation, action, Saunders, Dorf- — 
man, and Koser, Ixxxiv | 


Nicotinic acid: Derivatives, urine, 
determination, Perlzweig, Levy, 


and Sarett, lxxiv 
Urine, determination, Perlzweig, 
Levy, and Sarett, lxxiv 
Nitrogen: Isotope, glutathione 
metabolism study by, Waelsch 
and Rittenberg, civ 
Metabolism, anaphylactic shock, 
relation, Miller, 93 


Nitrogenous acid: Adrenals, isola- 
tion, Pfiffner and North, \xxvi 
Nitrous acid: Sulfur compounds, 
reaction, Lavine and Whiteley, 
lviii 

Nucleic acid: Tuberculin protein, 


removal, Seibert, 593 
Nucleoprotein(s): Liver, sulfhydryl 
groups, Greenstein, XXxix 
Nutrition: Chick, Hegsted, Oleson, 
Elvehjem, and Hart, xli 
Gastric function, relation, Roe, 
Hall, and Dyer, Ixxxii 


Rat, factor W and pantothenic 
acid, Oleson and Black, xxiii 
See also Diet 


oO 


Oxidase: d-Amino acid, kidney, 
Walker sarcoma, effect, Beard, 
viii 


Ascorbic acid, Stotz, c 
Choline, liver, fatty acid action, 
Bernheim, 291 
Oxidation(s): Biological, Barron, 
51 


Oxygen: Muscle, uptake, pancrea- 
tectomy and insulin effect, 
Stare and Baumann, xevii 


P 


body, Bernhard and Schoen- 
heimer, 713 
Palmitoleic acid, conversion, 
Stetten and Schoenheimer, 329 
Stearic acid, conversion, Stetten 
and Schoenheimer, 329 
Palmitoleic acid: Palmitic acid con- 
version, Stetten and Schoen- 
heimer, 329 
Pancreas: Diabetes, pituitary, ante- 
rior, extracts, effect, Gaebler 


and Galbraith, XXXV 
Lipase, thiamine effect, Brower 
and Tashiro, xvii 


Pancreatectomy: Muscle oxygen up- 
take, insulin and, effect, Stare 


and Baumann, xevii 
Pantothenic acid: Babcock and 
Jukes, Vv 


-Deficient diet, tissue pantothenic 
acid, effect, Snell, Pennington, 


and Williams, xcii 
Factor W and, rat, Oleson and 
Black, Ixxiii 


Tissues, chick, diet effect, Snell, 
Pennington, and Williams, 559 


—, pantothenic acid-deficient 
diet, effect, Snell, Pennington, 
and Williams, xcii 


See also Dermatitis 
Papain: Activation, Fruton and 


Bergmann, 153 
Dehydrogenases, action, Bern- 
heim, 141 


Paraldehyde: Biological fluids, de- 
termination, Levine and Bo- 
dansky, 193 

Parathyroid: Reproduction influ- 
ence, Bodansky and Duff, xiv 

Pasteur enzyme: Retina, Stern, 
Melnick, and DuBois, xcix 

Peptidase(s): Di-, activation, 
Berger and Johnson, 639 

Leucyl-, occurrence, Berger and 
Johnson, 157 
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Percorten: Muscle creatine and 
creatine-creatinine excretion, 
adrenalectomy, effect, Koven, | 
Pizzolato, and Beard, lvi 

Phenolphthalein: Conjugated, 
chemical constitution, Di 
Somma, 277 


Phenylalanine: Metabolism, ascor- 
bie acid relation, Sealock, Per- 
kinson, and Silberstein, 

Phenylhydrazine: Dehydrogenase 
action, Bernheim, 485 

Phosphate(s): Metabolism, crea- 
tine-creatinine relation, Beard, 
Espenan, Koven, and Pizzolato, 

x 

Radioactive, blood cell, red, per- 
meability, 
Smith, and Winkler, 


XXxViii 


—, tooth enamel, exchange, von — 


Hevesy and Armstrong, xliv 
Phospholipid(s) : 


Freeman, iv 
Liver, turnover, methionine, cys- 
tine, and cysteine influence, 


radioactive phosphorus as indi- | 
eator, Perlman, Stillman, and | 


Chaikoff, 651 
Metabolism, radioactive phos- 
phorus as indicator, Jones, 


Chaikoff, and Lawrence, 319 
Perlman, Stillman, and Chaikoff, 
651 

Tumors, turnover, radioactive 
phosphorus as indicator, Jones, 
Chaikoff, and Lawrence, 319 
Phosphorus: Dietary, hypervita- 
minosis D, and D,, effect, 
Morgan and Shimotori, lxix 
Fat metabolism, relation, Reiser, 
lxxx 

Glucose metabolism, relation, 
Reiser, lxxx 
Radioactive, carcinosarcoma leci- 
thins and cephalins, turnover, 
indicator, Haven, xl 


lxxxvii | 


Eisenman,  Oit, | 


Blood plasma, | 
dietary fat effect, Artom and | 
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Phosphorus—continued: 
Radioactive, liver phospholipid 
turnover indicator, methionine, 
| cystine, and cysteine influence, 
| Perlman, Stillman, and Chaikof,, 


651 

—, phospholipid metabolism indi- 
cator, Jones, Chaikoff, and 
Lawrence, 319 
Perlman, Stillman, and 
Chaikoff, 651 


—, tumor phospholipid turnover, 
indicator, Jones, Chaikoff, and 
Lawrence, 319 

Photosynthesis: Chlorophyll rela- 
tion, Inman, xi viii 
Pituitary: Antagonist, chemistry, 
Bischoff, 621 

Anterior, interstitial cell-stimu- 
lating and thyrotropic effects, 
relation, Jensen and Tolksdorf, 

xlix 

Follicle-stimulating hormone, 
separation, Greep, van Dyke, 
and Chow, 289 

Luteinizing hormone, separation, 
Greep, van Dyke, and Chow, 

289 
| Pituitary extract(s): Anterior, dia- 
betes, pancreatic, effect, Gaeb- 

ler and Galbraith, XXXV 

—, fractions, ketogenic and 
respiratory quotient-reducing 


substances, preparation and 
assay, Greaves, Freiberg, and 
Johns, 

Blood serum gonadotropic 
activity, effect, Wade and Katz- 
man, ciii 


Placenta: Dihydrotheelin isolation, 
Huffman, Thayer, and Doisy, 

xlv 

a-Dihydrotheelin isolation, Huf- 
man, Thayer, and Doisy, 567 
| Pleural fluid: Hyaluronic acid, 
| tumor relation, Meyer and 


Chaffee, 83 
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sonal variation, Friedemann, 


XXXiV 
Polysaccharide(s): Tuberculin pro- 
tein, removal, Seibert, 593 


Porphyrindin: Myosin, sulfhydryl 
groups, determination, use, 
Greenstein and Edsall, 397 

Reducing groups, determination, 
use, Brand and Kassell, 437 
Potassium: Muscle, frog, Steinbach, 
695 

Radioactive, blood cell, red, per- 
meability, Hisenman,  Oit, 
Smith, and Winkler, XXxviii 

Potassium salt(s): Muscle, skeletal, 
water, injection effect, Eichel- 
berger, XXxviii 

Pregnancy: Urine gonadotropic hor- 
mone, Gurin, Bachman, and 
Wilson, 467, 477 

— —— chemistry, Gurin, Bach- 
man, and Wilson, 467 
— — — purity, Gurin, Bachman, 
and Wilson, 477 

Pregnanediol: Urine, assay, Marker 
and Hartman, 529 

Pressor substance: See also Angio- 
tonin 

Progesterone: 6(a)-Hydroxy-, Ehr- 
enstein and Stevens, Xxvii 

Progestin: Estrogenic substances 
and, sexual receptivity, effect, 
Leighty, Wick, and Jeffries, 

lix 

Protein(s): Blood serum, amino 


acids, basic, Block, 71 
—-, analysis, Murrill, Block, 
and Newburgh, 521 
—-—, arginine ingestion effect, 
Block, 71 


— —, determination, biuret reac- 
tion use, Robinson and Hogden, 
lxxxi 

——, quartz and collodion parti- 
cles, electric mobilities, film 
formation, relation, Moyer and 
Gorin, 605 


Pneumococcus: Metabolism, sea- , Protein(s)—continued: 


Crystalline, urine, normal, 
Hanke, xl 
Denaturation, Roentgen ray 


analysis, Spiegel-Adolf and 
Henny, xciv 

Dietary levels, effect, McCoy, 
Ixiv 

Nucleo-. See Nucleoprotein 
Tuberculin, nucleic acid and 
polysaccharide removal, Sei- 
bert, 593 
—, Roentgen ray analysis, 
Spiegel-Adolf, Seibert, and 
Henny, xcv 
Urine, analysis, Murrill, Block, 
and Newburgh, 521 
Wool, acids and ions, combination 
modes, Steinhardt and Harris, 


xevii 
Proteolysis: Enzyme, tumor and 
normal tissue, Fruton, xxxiv 


Purine(s): Muscle, heart and volun- 
tary, Mangun and Myers, xii 
Pyridine: Amino acid acylation, 
use, Carter, Handler, and 
Stevens, xviii 
Pyruvate: Blood, determination, 
acetoacetate presence, Klein, 
liii 
—, stabilization and determina- 
tion, Bueding and Wortis, 
XViii 
Pyruvic acid: Blood, stabilization 
and determination, Bueding 
and Wortis, 585 


Q 


Quartz: Particles, blood serum 
proteins, electric mobilities, 
film formation, relation, Moyer 
and Gorin, 605 

Quinine: Determination, micro-, 
nephelometric, Kyker, Webb, 


and Andrews, lvii 
Optical activity, Andrews and 
Webb, iii 


| 
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Quinine salt(s): Optical activity, 


Andrews and Webb, ili 

R 
Reducing group(s): Egg albumin, 
determination, porphyrindin 


use, Brand and Kassell, 437 
Reproduction: Parathyroid influ- 
ence, Bodansky and Duff, xiv 
Respiration: Nicotinamide, stimula- 
tion action, Saunders, Dorfman, 
and Koser, Ixxxiv 
Respiratory quotient: -Reducing 
substances, pituitary, anterior, 
fractions, preparation and as- 


say, Greaves, Freiberg, and | 


Johns, 243 
Retina: Pasteur enzyme, Slern, 
Melnick, and Du Bois, xcix 


Riboflavin: Determination, bio- 
logical, micro-, Feeney and 
Strong, Xxxi 
See also Vitamin B, 

Roentgen ray: Protein denatura- 
tion, Spiegel-Adolf and Henny, 

Tuberculin proteins, analysis, 
Spiegel- Adolf, 
Henny, 


Salt(s): Catalysis, carbohydrate 


Seibert, and | 


oxidation, Everett and Shep- | 


pard, XXxix 
—,-—-—, hydrogen ion concen- 


tration relation, Sheppard, | 


Danielson, and Everett, 


Ixxxviii 

Creatine-creatinine relation, 
Beard, Espenan, Koven, and 
Pizzolato, x 
Sodium thymonucleate, effect, | 
Greenstein, XXXViili 


Sarcoma: Walker, cortin, supra- 
corsin, and adrenal hydrolysate 
effect, Beard, viii | 

See also Carcinosarcoma 


Sarcosine: Creatinine-creatine ex- 
cretion, ingestion and injection 
effect, Beard, Vii 

Schizophrenia: Blood serum lipids, 
testosterone effect, Randall, 

137 

Selenium compound(s): Volatile, 
excretion, sodium selenite ad- 
ministration effect, Schultz and 
Lewis, 199 

Serine: dl-, betaine hydrochloride, 
lipotropic activity, synthesis 
and determination, Carter and 
Melville, 109 

Sex: Hormones, creatine-creatinine 
metabolism, relation, Beard and 
Jacob, Xx, Xi 

Sodium: -Deficient diet, mineral 
metabolism, effect, Orent- Keiles 
and McCollum, 75 

Muscle, frog, Steinbach, 695 
Radioactive, blood cell, red, per- 
meability, Eisenman, 
Smith, and Winkler, XXViii 

Sodium chloride: Muscle creatine 
and creatine-creatinine excre- 
tion, adrenalectomy, effect, 
Koven, Pizzolato, and Beard, 

lyi 

Sodium selenite: Selenium com- 
pounds, volatile, excretion, ad- 
ministration effect, Schultz and 


Lewis, 199 
Sodium thymonucleate: Salt effect, 
Greenstein, XXXViii 


Sphingomyelin: Chemical constitu- 
tion, Thannhauser and Reichel, 


cil 
Spinal cord: Thiamine effect, 
Brower and Tashiro, xvii 


Spirographis: Hemin, oxidation-re- 

duction potentials, Barron, 51 

Hemochromogens, oxidation-re- 

duction potentials, Barron, 51 

Stearic acid: Formation rate, body, 
Bernhard and Schoenheimer, 

713 
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Stearic acid—continued: 
Palmitic acid conversion, Stetten 
and Schoenheimer, 329 
Steroid(s): Ketones, adrenals, 
Pfiffner and North, xxvii 
Urine, assay, Marker and Hart- 


man, 529 
—, extraction apparatus, Hersh- 
berg and Wolfe, 667 


Stomach: Emptying, glucose solu- 
tions, absorption, intestine, re- 


Function, nutrition relation, Roe, 
Hall, and Dyer, Ixxxii 
—, vitamin C deficiency relation, 
Roe, Hall, and Dyer, lxxxii 
Gastric juice excretion, hydrazine 


alkalosis effect, Hendriz, Cal- | 


vin, and Greenberg, xlii 
Strontium: Uterus effect, Cole and 

Harned, xxi | 
Sulfapyridine: Fastness, Schmidt 


and Dettwiler, lxxxv 
Sulfate(s): Excretion, Power, Goud- 
smit, and Keith, Ixxvii 
Inorganic, blood serum, deter- 
mination, Reinhold and 
Letonoff, lxxix 
Sulfhydryl group(s): Myosin, deter- 
mination, porphyrindin titra- 


tion, Greenstein and Edsall, 


397 

Nucleoprotein, liver, Greenstein, 
Xxxix 

Sulfinic acid: Cysteine relation, 
Kassell, p. 1 
Sulfone(s): Cystine enzyme oxida- 
tion relation, Medes, Ixvi 
Sulfonic acid: Cysteine relation, 
Kassell, p. | 
Sulfonium reaction(s): Methionine, 
Toennies, cii 
Sulfur: Metabolism, titanium 
effect, Bernheim, xi 


Non-protein, blood serum, frac- 
tionation, Letonoff and Rein- 
lix 


| 
| 


| 
| 


lation, Fenton and Pierce, xxxi | Testosterone : 
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Sulfur compound(s): Nitrous acid, 
reaction, Lavine and Whiteley, 
Iviii 

Supracorsin: Sarcoma, Walker, 
effect, Beard, viii 
Synovial fluid: Mucin, bacterial 
enzyme hydrolyzing, Robertson, 
Ropes, and Bauer, 261 


T 


Androsterone rela- 

tion, Dorfman and Hamilton, 

753, xxvi 

Blood serum lipids, schizo- 

phrenia, effect, Randall, 137 

Tetany: Development, Greenberg, 
Boelter, and Knopf, 


Xxxviii 

Theelin: Dihydro-, placenta, isola- 
tion, Huffman, Thayer, and 
Doisy, xlv 


a-Dihydro-, placenta, isolation, 
Huffman, Thayer, and Doisy, 


567 

Thiamine: Determination, chem- 
ical, Emmett, Peacock, and 
Brown, xxix 


Digestive secretions, phosphory- 
lation and stability, Melnick, 
Robinson, and Field, Ixvii 

Pancreas lipase, effect, Brower 
and Tashiro, xvii 

Spinal cord, effect, Brower and 
Tashiro, xvii 


| Threonine: Determination, micro-, 


Block, Bolling, and Webb, xiv 
dl-, betaine hydrochloride, lipo- 
tropic activity, synthesis and 
determination, Carter and Mel- 
ville, 109 
dl-Allo-, betaine hydrochloride, 
lipotropic activity, synthesis 
and determination, Carter and 
Melville, 109 
Thrombin: Preparation, Asirup and 
Darling, 761 
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Thyroid: Blood plasma and blood 
cells, red, cholesterol, activity 
relation, Hughes, xlvi 

— serum magnesium partition, 
relation, Soffer, Grossman, and 
Sobotka, xcii 

Hormone, tissues, McClendon, 
Foster, and Kirkland, lxiv 

Thyrotropic hormone _ effect, 
Logan, Vander Laan, and 
Vander Laan, 

Thyrotropic hormone: Pituitary, 
anterior, interstitial cell-stimu- 
lating hormone, relation, 
Jensen and Tolksdorf, xlix 

Thyroid gland composition and 
metabolism, effect, Logan, 
Vander Laan, and Vander Laan, 

Ixii 

Tissue(s): Cholesterol, dietary, 

effect, Okey and Greaves, 


Ketone bodies, Harrison and 
Long, 209 
Lipid metabolism, Sperry and 
Waelsch, xciv 
Lipids, insulin hypoglycemia 
effect, Randall, 129 
Respiration, malonate _ effect, 
Baumann and Stare, 183 
Titanium: Sulfur metabolism, | 
effect, Bernheim, xi | 


Tobacco: Mosaic virus, heat denatu- | 


ration, Lauffer and Price, 1 
Tooth: Enamel, radiophosphate ex- 
change, von Hevesy and Arm- 


strong, xliv | 


Trypsin: Dehydrogenases, action, 


Bernheim, 141 | 
Tubercle bacillus: Avian, lipids, | 
bound, Anderson, Creighton, | 


and Peck, 675 
Lipids, chemistry, Anderson, 
Creighton, and Peck, 675 


Tuberculin: Protein, nucleic acid 
and polysaccharide removal, 
Seibert, 593 


Tuberculin—continued: 

Proteins, Roentgen ray analysis, 
Spiegel-Adolf, Seibert, and 
Henny, xev 

Tumors(s): Chemical treatment, 
Shear and Turner, Ixxxvii 
Enzymes, proteolytic, Fruton, 


XXXiV 
Malignant, glutamic acid, Graff, 
Rittenberg, and Foster, 745 


—, pleural fluid hyaluronic acid, 
relation, Meyer and Chaffee, 


83 
Methionine effect, Morris and 


| 

Voegtlin, lxix 
| Phospholipid turnover, radioac- 
tive phosphorus as indicator, 
Jones, Chaikoff, and Lawrence, 
319 
| See also Carcinosarcoma, Neo- 
plasm, Sarcoma 

| Tursiops truncatus: See Dolphin 

| Tyrosine: Metabolism, ascorbic 
acid relation, Sealock, Perkin- 
son, and Silberstein, lxxxvii 


U 


Urea: Creatine and glycocyamine 
synthesis, Beard and Espenan, 


ix 
Glycine with, creatinine-creatine 
excretion, effect, Beard, vii 


Sarcosine with, creatinine-crea- 
tine excretion, effect, Beard, 

vii 

Urine: Androgenic substances, de- 

termination, colorimetric, Bau- 


mann and Metzger, vi 
——, extraction apparatus, Ne- 
terval, 313 
—-—, fractionation, Baumann 
and Meizger, vi 
Cystine determination, Brand, 
Cahill, and Kassell, 431 


Estrogenic substances, separation 
and determination, Mather, 
xiii 
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Urine—continued: 
Excretion, 
effect, Hendrix, Calvin, and 
Greenberg, xlii 
Gonadotropin determination, 
normal, Levin, lx 
Morphine excretion, Oberst, xxi 
Nicotinic acid and derivatives, 


determination, Perlzweig, Levy, | 


and Sareit, Ixxiv 
Pregnancy, gonadotropic hor- 
mone, Gurin, Bachman, and | 
Wilson, 467, 477 
—, — — chemistry, Gurin, Bach- 
man, and Wilson, 467 
—, — — purity, Gurin, Bachman, 
and Wilson, 477 
Pregnanediol, assay, Marker and 
Hartman, §29 
Protein, crystalline, normal, 
Hanke, xl 
Proteins, analysis, Murrill, Block, 
and Newburgh, 521 
Steroids, assay, Marker and Hart- 
man, 529 
—, extraction apparatus, Hersh- 
berg and Wolfe, 667 
Uronic acid(s): Keto-l-, prepara- 


tion and carbohydrate oxida- 
tion, relation, Crews, Sheppard, 


Sudduth, and Everett, xxiii 
Uterus: Strontium and calcium ef- 
fect, Cole and Harned, xxi 


Virus: Tobacco mosaic, heat de- 
naturation, Lauffer and Price, 1 
Vitamin(s): A, absorption, intes- 
tine, Gray, Morgareidge, and 
Cawley, XXXVii 
—, dietary, hypervitaminosis D, 
and D,;, effect, Morgan and 


Shimotori, lxix 
—, milk, determination, photo- 
electric, Koehn, lvi 


B complex, synthesis, cow rumen, 
McElroy and Goss, Ixv 


Vitamin(s)—continued: 


hydrazine alkalosis | 


B,;. See also Thiamine 
B; complex filtrate factor, nature, 
Mohammad, Emerson, Emerson, 
and Evans, 17 
—. See also Riboflavin 
Be, fatty acids, unsaturated, nu- 
tritional relation, Salmon, 
Ixxxiii 
C, deficiency, gastric function re- 
lation, Roe, Hall, and Dyer, 
lxxxii 
D, action, Smith and Spector, xc 
E, oxidation, Golumbic, XXXVi 
K, Ansbacher, ili 
—, activity, 4-amino-2-methyl-l- 
naphthol and 4-amino-3- 
methyl-1-naphthol, Emmett, 
Kamm, and Sharp, 285 
—, bile salt substitute for ad- 
ministration with, Lozinski and 
Gottlieb, 635 
—, determination, Quick, 
Ixxviii 
Ke, chemical constitution, Bink- 
ley, McKee, Thayer, and Doisy, 
721, xii 
See also Hypervitaminosis 


WwW 


Water: Blood, dolphin, Lichelber- 


ger, Fetcher, Geiling, and Vos, 


145 

Creatine-creatinine relation, 
Beard, Espenan, Koven, and 
Pizzolato, x 
Distribution, diabetes, Sunder- 
man and Dohan, ci 
Muscle, Darrow, Yannet, and 
Miller, xxiv 
—, skeletal, dolphin, Fichelber- 
ger, Geiling, and Vos, 661 


—,—, potassium salts injection 
effect, Eichelberger, XXxViii 


Wool: Powdered, chemistry, Routh, 


Ixxxii 
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Wool—continued: Y 
Protein, acids and ions, combina- Y LE h 
tion modes, Steinhardt and Sutract, grows effect, 


Harris, xevii Jukes, 631 
x 
Z 
X-ray: See Roentgen ray 
Xylose: Blood sugar, effect, Darby | Zein: Hydrolysates, nutritive 
and Day, 503 value, Borchers and Berg, xy 
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SUGGESTIONS TO AUTHORS 


The following suggestions are offered to authors for the preparation of manuscripts. 

1. Manuscripts should be carefully typed, triple spaced throughout, and only the 
original typewritten copy should be submitted. Foot-nctes, tables, and other inserts 
should be typed separately and numbered consecutively. The forms of spelling and 
abbreviations used in current issues of this Journal should be employed and for chemical 
terms the usage of the American Chemical Society should be followed. Unusual abbre- 
yiations or symbols should be avoided. 


2. The title of the paper should be as short as is compatible with a ciear indication 
of the subject matter. Chemical formulas should not be included in the title. 


3. The introduction should contain a clear statement of the purpose of the investi- 
gation and its relation to other work in the same field, but long reviews must be avoided. 


4. The experimental description must be brief and clear. When published procedures 
have been employed, these should not be described but should be defined by citation of 
the original publications. 

5. Reference in the text to chemical compounds should be made by name and not by 
formula. The use of structural formulas which require special type or take up much 
space should be avoided. 


6. Only in exceptional cases, the urgency of which must be clearly demonstrated, can 
the same data be published in two forms such as a table and a line figure. 


7. On line figures, reference points along the coordinates should be sufficiently fre- 
quent to permit accurate estimation of the numerical values of indicated experimental 
points. 

8. Tables should not contain unnecessary columns in which the values are readily 
deducible from data in the same table. Every table and every column should be sup- 
plied with an appropriate heading. 

9. Discussions must be brief and restricted to the significance of the results of the 
investigation. Unsupported hypothesis should be avoided. 


10. Every paper should ead with a brief, logical summary in which the points proved 
by the investigation are outlined. 


11. The bibliography should conform to the style used in current issues of this Jour- 
nal: the author’s name, initials, abbreviation of journal, volume, page, and year; in 
the case of books, the title in full, with the place and year of publication, and page. 
All bibliographic references should be checked with the original pubiications. 

12. The preparation of illustrations, charts, and graphs is particularly important, 
and authors are requested to follow very carefully the directions given below. In case 
of doubt, the Editorial Office will gladly supply specific information. 

Charts should be planned so as to eliminate waste space; they should be ruled off close _ 
to the area of the curves, and descriptive matter should not extend beyond the curves; 
they should be so prepared that they will not be more than 4 inches wide, with no letter 
or figure less than 2 mm. high, after reduction to page size. Original line drawings on 
white drawing board, blue tracing cloth, or coordinate paper printed in blue should be 
used. Typewritten charts are not desirable, as they permit but slight reduction. Only 
black India ink should be used for drawing and lettering. When the subject matter 
requires half-tone reproduction, the photographs submitted should be printed on white, 
glossy paper. 


13. Before 8 manuscript is submitted to the Editors, it should be carefully checked; 
the spelling of proper names and the correctness of analytical data, as well as figures 
in tables or in the text, should be carefully verified by the author. 


14. Any but minor changes from the manuscri t which are made in proof, will be 
billed to the author. 
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